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In This lssue— 


AX” attempt to delete from the engi- 
neering curriculum any subjects that 
are necessary for successful engineering in 
order to make room for more or less unre- 
lated subjects is a step in the wrong direc- 
tion. So speaks a well known engineer who 
has had an opportunity to observe at close 
range many engineers in action, in discuss- 
ing the situation in which the young engi- 
neer may expect to find himself under cur- 
rently changing conditions (pages 329-34). 


ions in the rotating disk of an induc- 
tion watt-hour meter usually is com- 
puted on the basis that the eddy cur- 
rents in the disk flow around the inducing 
pole in a series of concentric rings; this as- 
sumption, however, is not valid when the 
pole is located eccentrically with respect 
to the axis of the disk. A torque formula 
based upon the actual current distribution 
is given in a paper in this issue (pages 
354-8). 


Se CING surges may be of sufficient 

magnitude under certain conditions to 
damage the turn insulation on the windings 
of high voltage rotating machines. This 
problem is one of growing importance be- 
cause of the desire for full line voltage 
starting of 11 to 13:8 kv motors, and be- 
cause of the desire to bring all such ma- 
chines on the line with the minimum of 
switching (pages 376-84). 


HE Institute’s 1936 summer conven- 

tion, to be held at Pasadena, Calif., 
June 22-26, offers attractive possibilities 
to those contemplating combining at- 
tendance at the convention with vacation 
trips. A special train leaving from Chicago 
is contemplated, and a tentative itinerary 
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with stopovers at many points of interest 
along the route has been suggested (pages 
418-19; 328). 


NDUCTION motors suffer a reduction of 
maximum torque, output, and efficiency 
when operating under unbalanced condi- 
tions, whether this unbalance is in the ap- 
plied voltage or in the external circuits of the 
motor, such as starting and control cir- 
cuits. General equations for induction 
motors under such conditions are given in 
this issue (pages 386-93). 


ANALYSIS of steady state or transient 

conditions in electric power systems 
generally can be simplified by the use of 
equivalent circuits. Equivalent circuits 
representing 2 coupled circuits under vari- 
ous conditions are developed in a paper in 
this issue, and their application to power 
system circuits is discussed (pages 366-71). 


LASHOVER characteristics of trans- 
mission lines may be estimated with 
reasonable accuracy by means of curves, 
data, and procedure presented in a paper in 
this issue. Such information is valuable in 
predetermining the improvements that can 
be realized by relatively inexpensive changes 
in existing lines (pages 342-54). 


PD LESEL-ELECTRIC equipment has un- 

dergone considerable development and 
improvement in connection with its increas- 
ing use in high-speed light-weight stream- 
line trains. Further progress may be ex- 
pected in the future; lighter weight per 
engine horsepower, equipment of greater 
horsepower, and greater efficiency are pre- 
dicted (pages 335-41). 


M’AX” people think that engineering 
and scientific developments have 
advanced beyond our social absorption 
ability. The noted head of a large re- 
search organization says that engineering is 
a lap behind (pages 324-8). 


N an effort to eliminate the uncertainty 
arising from the assumed constants 
involved in the calculation of zero sequence 
impedances of underground power trans- 
mission cables, impedance measurements 
were made on the 27 kv system of a large 
eastern metropolitan power company (pages 
359-65). 


VERREFINED or readily oxidizable 

oils in transformers will maintain 
automatically an inert gas above the oil. 
It is reported that transformers equipped 
for restricted breathing can be operated 
with overrefined oils for long periods with- 
out servicing so far as the oil is concerned 
(pages 371-5). 


INCE April 1929, the principal activities 

of the Institute’s New York Section 
have been carried on by groups representing 
the main fields of interest of the members. 
These group activities have been highly 
successful and are proving to be increas- 
ingly popular (pages 421-2). 


NORTH EASTERN District meeting of 

the A.I.E.E. to be held in New Haven, 
Conn., May 6-8, 1936, is announced in this 
issue, including the technical program and 
other details. The meeting will include 
interesting inspection trips and social func- 
tions (pages 416-17). 


ELECTRIC shock experiments to deter- 

mine heart reaction to currents of dif- 
ferent frequencies, using both interrupted 
direct current and alternating current, have 
led to significant results under these condi- 
tions (pages 384-6). 


EEA TIONS for membership in the 
A.I.E.E. received at Institute head- 
quarters between May 1935 and March 
1936 are 19.1 per cent higher than those 
received during the same months a year 
earlier (pages 420). 


ETTERS to the Editor columns of 

ELECTRICAL ENGINEERING continue to 
attract contributions from readers on a 
variety of subjects (pages 424-5). 


@ RE of the 6 major inventions or dis- 
coveries of James Watt was the knowl- 
edge of the expansive force of steam (page 
358). 


ISCUSSIONS in this issue include the 

first group published on papers pre- 
sented at the Institute’s 1936 winter con- 
vention (pages 393-415) 
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Professional Recognition 


—A Message From the President 


ENTURIES ago the responsibility of the in- 
C dividual citizen was a highly prized privilege 
that set him apart from barbarians and slaves, 
as it has ever since. Such privileges have been 
difficult to win and just as difficult to maintain. 
Indifference, corruption, widespread disaster, and 
dissatisfaction have led to gradual or revolutionary 
usurpation of freedom and the popular will. Also, 
the complications of changing conditions have 
been further increased by the rise in technology. 

' In modern times we have come to recognize and 
accord special privileges to practitioners in a great 
number of fields of endeavor. 

During recent years the unsatisfactory status of 
the engineer in this regard has served to awaken in 
him a consciousness that he, himself, is in large 
part responsible for the conditions confronting 
him, and that no improvement can be attained 
without earnest effort on his part to place the pro- 
fession in its proper réle as a vital unit in the sphere 
of public activities. In the past he has remained 
almost entirely aloof from all interests not con- 
cerning him technically, with the result that when 
the nation was faced with economic collapse, he 
was among the first to suffer the hardships of pri- 
vation and was almost entirely overlooked in the 
widespread emergency efforts to plan for general 
recovery. 

Only comparatively recently were definite steps 
taken to bring about official and general recogni- 
tion of the engineering profession. The clamor for 
professional recognition, which had been increasing 
in intensity over a number of years, culminated in 
1932 with the formation of the Engineers’ Council 
for Professional Development. This body was 
formed as a central agency to advance the status 
of the engineer, and at present its efforts are being 
directed along 4 lines: (1) a study of processes and 
methods to guide men into or out of engineering 
colleges, (2) a study of the possibilities for co- 
operation between the practicing profession and 
the engineering colleges, (3) a study of methods to 
aid in post-collegiate training, and (4) a study of 
possibilities for correlating methods for the formal 
recognition of engineers as professional men. 

The establishment of specific means for recog- 
nizing the curricula of engineering schools and the 
granting of corporate membership in engineering 
societies are 2 procedures which will become more 
universally recognized and accepted as harmoniz- 
ing with the attainment of professional status, but 
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much remains to be studied and evaluated before 
full attainment can be expected. 

The registration of engineers, it appears, is an 
important element in the unified approach toward 
the establishment of adequate means for recogniz- 
ing the engineer as a professional man. 

Engineering registration of some form is with us 
today. There is also a well-defined movement 
under way to increase the number of laws and re- 
strictions governing the practice of engineering. 
The problem, therefore, should be considered with 
respect to the long-time effect on the profession, as 
well as its immediate effect on the engineer. 

From a long range viewpoint, it is important to 
determine whether licensing of the best form will 
benefit the electrical engineer. If the American 
Institute of Electrical Engineers does nothing for 
or against licensing, laws may be passed or modi- 
fied to the disadvantage of electrical engineers as 
individuals and of the Institute. Undoubtedly, 
modifications proposed will favor the licensed engi- 
neer and react to the disadvantage of those who 
are not licensed. 

The work of the Engineers’ Council for Profes- 
sional Development obviously may not be ex- 
pected to be consummated in a short time, but 
progressive steps are and should be attainable 
through careful study of the problem and educa- 
tion of those most vitally interested, namely, the 
members of the profession itself. 

The situation must be faced squarely. It is the 
profound duty of all engineers to affiliate them- 
selves with the work of the Council which is dedi- 
cated to their welfare and pledged to the mutual 
benefit and protection of the interests of the entire 
engineering profession. Your individual support 
is essential in bringing about a generally accepted 
concept of what is termed the recognition of an 
engineer, and you cannot afford to deny it to your- 
self or the profession. 

The long and honorable record of any institu- 
tion, and especially of the institutions whose 
achievements are the result of the successful co- 
operation of a large number of individuals, is not 
grounds for admiration and respect merely, but for 
serious consideration in determining a course of 
action which affects its own future and that of 
those for whom it is most deeply concerned. 


ECB c<cegce=— 
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Research and 
Social Progress 


Being essentially the full text of the address 
delivered in Chicago, February 25, 1936, in 
response to the receipt of the Washington 
Award “‘in recognition of devoted, unself- 
ish, and pre-eminent service in advancing 
human progress,” this article is published 
at the instance of the A.I.E.E. committee 
on education. 


By 
CHARLES E KETTERING General Motors Corp., 
FELLOW A.I.E.E. Dayton, Ohio 


Cer. we need to define words 
in order to get at the meaning—I mean more than 
the superficial meaning. We sometimes mistake 
what the word ‘“‘research’’? means. There is a great 
difference between the meaning of the word “‘plan- 
ning’ and the meaning of the word “‘research.’”’ To 
plan beyond our ability to do may or may not be a 
right thing, but if the planning is of the right order 
of thought, while the desired result may not be ob- 
tainable at the present time, a constructive research 
upon that subject may, and very likely will, bring 
the result. 

Most people think of scientific research as being 
something to reduce the man hours required to per- 
form any given task. I do not know how that has 
gotten into our thinking. All the time we hear the 
subject of technological development talked about 
as something that is negative. Only in the last 
phases of technological development does this ques- 
tion of man-hours economics become an important 
factor. We have forgotten entirely the other and 
many times more important factor—the develop- 
ment of new jobs and new industries. 

You know, engineers have been blamed very 
largely for the present depression. . . .However, I do 
not feel that that is the case. . . .We are told by re- 
liable statistics that there is something like 40 
billions of dollars idle in American banks. We are 
also told that there is something between 5 and 15 
millions of people out of employment. The number 
. . Js entirely dependent upon which party you be- 
long to. Nevertheless, there is an unemployment 
problem and there is a financial unemployment prob- 
lem. Now, the reason that we have that is because 
both of those things are ends of the same stick. If 
we had new products, new projects, new reconstruc- 
tive type of industry, we would have our money em- 
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ployed and we would also have our people employed. 

A great many people think engineering and scien- 
tific development has gotten ahead of our social ab- 
sorption ability. I wish that we would look at it in 
a different way. . . .I think that maybe the reason 
that we think engineering is ahead, is because it 
is a lap behind. 

In the development of any new industry, it doesn't 
come full blown. It doesn’t come as a completed 
entity. In fact, I doubt whether anybody ever was 
conscious of creating an industry at the time it was 
started. Certainly Oersted didn’t know he was 
creating an industry when he held an electric wire 
over a compass needle and found it was deflecting. 
He had searched for that for a long while. Michael 
Faraday came a little bit farther and wound a coil. 
Our own Joseph Henry, in the United States, was a 
contemporary in the development of the magnet. 
But in that simple thing of winding a coil on a bar of 
iron the fundamental principle of telegraph was de- 
veloped, and our Morse, taking that as a clew, suc- 
ceeded in developing the principles. . . of our present 
telegraph. But the development of these elemen- 
tary principles into the enormous communication 
system that we have today. . .represents millions of 
dollars of expended money, heartaches, hundreds of 
thousands of hours, disappointments, discourage- 
ments, and everything else. Between the elemen- 
tary principle and the finished commercial product 
comes the great work field in which industry has 
made its progress. 

Alexander Graham Bell..... in trying to facilitate 
the methods of sending messages discovered the 
principle of the telephone, and out of that came an- 
other new industry that employed thousands of 
people, and put much money to work. .... nobody 
thinking at the time... .. that what Bell had dis- 
covered represented the basic principle of a new in- 
dustry. Out of that and other important develop- 
ments came the principles of radio and other things 
unthought of and undreamed of only a few years ago. 

So, today, as we discuss engineering relationships 
of science and industry and social development, we 
hardly recognize that there was a time that we did 
not have some of these things. We hardly recog- 
nize that today you can send a message around the 
world in a seventh of a second, if you have anything 
tosend. We hardly recognize and do not appreciate 
that while we can send a message to the farthest 
point of the earth in a fourteenth of a second, it may 
take years before it gets from the outside of a man’s 
head to the inside. 

Discussing this with a scientist I asked him how he 
accounted for it. He said the only way he could ac- 
count for it was by the relative densities of material. 

I was talking to a young man one day and he said, 
“T think there ought to be a halt called on scientific 
and engineering developments, because we have gone 
faster than we are socially able to absorb.” I 
happened to be sitting at the desk. I said, “‘Let’s 
make a phony telephone call. Let’s take... . . that 
telephone and tell the operator that you would like 
to speak to the clerk of one of the great hotels in 
London..... In a few minutes that bell will ring and 
you can talk to the man overseas. .... Now how much 
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did you have to readjust yourself in order to speak 
across the sea over what the readjustment would 
have been had you called a department in your own 
institution?” 

It is not the things that we have today that are 
wearing us from the standpoint of social develop- 
ment. It is the imaginary things we think we are 
going to have that we don’t quite understand. 

I asked him if he had any trouble absorbing the 
improvements that have been made in medicine; 
whether he felt that he had socially outrun the im- 
proved ability to remove an appendix; how much 
development he had to do socially, mentally, or 
otherwise to get the benefits of the best surgeons in 
the world? So, I think it is only foolish for us to say 
that we are not able to absorb socially the develop- 
ments that we have. The thing that we need to do 
is to work out the economics of those things so they 
can flow infinitely more freely than they do. In 
other words, we have many things developed today 
that should have a wider distribution, and I do not 
know whether it is up to the engineer to work out the 
economics and the method of distribution of those 
things or whether that belongs to the so-called econo- 
mists. 

In every industry and in every age we always have 
wished for things that we didn’t have. We have had 
in engineering, as we all know, the idea of perpetual 
MOTION, .23::5°% We have had the idea of having a ma- 
chine which, once started, would keep running for- 
ever with nothing put into it, and with us taking out 
any amount of power that we want. The idea of 
perpetual motion is as old as thinking man, but it is 
only recently that that particular type of thought 
has been applied to economics. 

A great deal of our fantastic economic thinking is 
nothing but the same old idea of perpetual motion. 
If it works, it is wonderful; if it doesn’t, then we will 
have to do as we have been doing: work. 

ig ee We sometimes, I believe, fool ourselves by 
saying that we know a great deal scientifically. We 
do know how to operate some of the factors to our 
benefit. We have been able, especially in sauitation 
and in medicine, to improve human welfare and living 
conditions tremendously. We have in many other 
of the mechanical arts been able to do many things 
which people want. I think the best way to evalu- 
ate those things is to try to turn time backward; 
in other words, let’s see what would we do if we didn’t 
have this or that? I happened to be talking to a 
friend of mine the other day who was making a trip 
in an automobile from Detroit, Mich., to Miami, 
Florida. It was the celebration of the 25th anni- 
versary of a similar trip he had made. Twenty-five 
years ago there wasn’t a single mile of paved road 
between Detroit and Jacksonville, Florida, to say 
nothing of how few in Miami. All the pavements 
we had were in the towns, but now, as we know most 
of the pavements are in the country. 

We have forgotten that in that 25 years the enor- 
mous development of the motor car as a leader in 
industry has produced an almost complete change in 
our method of living. It isn’t the automobile from 
a manufacturing standpoint that is represented by 
that industry. Some 30-odd years ago I had a can- 
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vass made of the number of people employed in the 
motor car industry..... The best figures I could get 
were about 1,000 people. The best figures that we 
have today are that there are about 11,000,000 
people directly or indirectly being sustained by that 
industry. Certainly it isn’t in the manufacturing of 
motor cars that that number of people are employed, 
but that is not the motor car industry. The motor 
car industry is everything that goes withit..... the 
highway from the civil engineer... .. steel from the 
mechanical engineer..... [products of] the chemists 
nat all the things that gointoit. A large percent- 
age of our steel is used in motor cars. Enormous 
percentages of our glass, still larger percentages of 
rubber, and an extremely large percentage of our 
petroleum industry is the motor car industry. 

No one thought when he was making the old one- 
lung automobile that he was developing not only a 
fundamental leader in industry, but also was devel- 
oping an accessory industry for every one of those 
that are now existent. You can’t tell what an idea 
re hee is going to lead to. You can only make the 
contribution of the principle; if it serves a purpose, 
then an industry develops. Industry grows like 
corn. You plant the seed and you wait until the 
development comes. If the industry is small it 
grows in a short time. If it is a great industry it 
takes a long time. The great developments of both 
our electric lighting and our telephone industries 
came in the second 25 years of their existence. And 
so, with these great industries still incompleted, we 
haven’t any idea what is before us, but. . . . as long as 
we recognize that we don’t know much about them, 
as long as we recognize that there is human demand 
for many things of which you and I cannot think, we 
ought to have faith enough in our ability and in our 
natural disposition. .... to go ahead. 

I do not feel that anybody should be discouraged, 
and never have, because out of all of these experi- 
ences it is impossible even for those in industry to 
project industrial developments a few years ahead. 
I have been associated with the motor car industry 
for many years and yet I have never seen even the 
best forecaster in the world able to tell what was 2 
years ahead even in that highly organized field. 
What can we do that we haven’t done? People say, 
“What are the next great industries?’ You can’t 
tell what they are because you don’t know when an 
industry is starting. You can’t tell what is going to 
coine because as long as some of the factors are not 
there, it doesn’t develop. The radio, with its prin- 
ciples developed far in advance of our present vac- 
uum tubes, became an industry almost overnight. 
Another interesting thing is that in the technical 
study made by the amateurs who sat up all night to 
try to telegraph across the street were developed the 
[present radio] technicians. Radio became an op- 
erating facility rapidly because of the ready avail- 
ability of these trained men who had been the ama- 
teurs. They were self-educated. Why did they 
want to study radio? Because they wanted to go 
into business? No, they hadn’t any idea it was a 
business. It was something they wanted todo. It 
was an adventure. It was a pioneering effort. 
What did they expect to get out of it? They hadn’t 
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any idea. It was something that looked as if it 
needed to be done, and they wanted to do it. 

Now we have, perhaps, in the last few decades, be- 
come too expert in bookkeeping. We begin to think 
of return on capital, and yet every motive of our life 
is determined not by return on capital. When you 
buy a dining room table do you try to figure out what 
the earning on that is going to be, what per cent you 
get on your invested capital? When you send your 
boy or girl to school do you try to figure a net return 
on that? I sometimes think that if we tried to raise 
human children on the same basis as that of the 
highly organized bookkeeping system upon which we 
are trying to raise industrial children, a baby 9 
months old would have to be earning its living. 

The engineer must do one great thing: He must 
teach his financial supporters how to raise industrial 
children. Remember that a great many of our ad- 
ventures came as just the natural flux of picking up 
this thing or that thing and turning it into a useful 
tool. But as time has gone on, the technicalities of 
this development work have become greater. To- 
day, the individual does not count for very much, 
only insofar as that individual can analyze what the 
controlling problem is and bring together such groups 
of technicians as are necessary to solve the particular 
parts. We are in a transition from the individual 
as a producer of new industries to the group. We 
don’t know how to do group work very well. 

We must get away from the early development of 
new industries on the basis of profit and loss; the 
basis of return on capital. We must think of it as 
the development of something in which faith, in 
which the rightness of the thing, becomes the im- 
portant: factor. We have detailed accounting in 
industry. Sometimes we have that same accounting 
applied to research and industrial development, but 
they cannot live under such treatment any more than 
you can budget your baby’s bath or milk bottles. 

We must treat research, therefore, as an insurance 
policy. Whatever we pay for that we must think of 
on the actuarial basis; that over a given period of 
time and over a fairly large number of projects 
enough good will come out of it to make it worth 
while. We have said that the depression has cost 
us an enormous amount of money. Nobody knows 
how much. Billions of dollars we are told, and yet a 
billion dollars a year would keep 500 or 600 research 
laboratories going full time, provided you could get 
the men. Of course, we haven’t yet enough trained 
men to run that many laboratories; but if we had, 
and had them running for 3 or 4 years, the banks 
would have no [surplus] money and there would be 
no unemployment. We would have ‘“‘help wanted’’ 
on every door of every factory in America. That 
price would be infinitely less to pay for this industrial 
development than trying artificially to stimulate 
one in which the fundamental principle is not fully 
recognized. You can’t create unless you know what 
your objectives are. Simply to put people to work 
without having any recurring co-ordination means 
that when the money is exhausted you haven’t any- 
thing that will go on its own power. It is up to the 
engineer to advise, and in this respect I think he is to 
blame because he has not been sufficiently active in 


326 


getting his financial advisors to recognize that de- 
velopment of industry is as important as operation of 
industry. In commending this point to you, I think 
we all recognize that building is one of the important 
things of allindustry. Operation is an essential, but 
the number of people who can be employed in opera- 
tions is rather small as compared to the builders. 
You have to take our country by and large today and 
see where we are. What do we need? What would 
we like to have? And then sit down and say, ‘‘How 
long would it take us to get that? What is there in 
this thing that we don’t know?” 

Sometimes a great industry is held back for years 
because of some simple detail and, if we don’t recog- 
nize that detail, large sums of money can be spent and | 
no apparent progress made. When finally that last 
detail is supplied, the industry snaps into action and 
we go ahead. Almost every line of development has 
opportunity. If we go back and analyze our indus- 
try, say with the factors that made the motor car in- 
dustry possible, we find. .... [that] perhaps the most 
important was the pneumatic tire. 

If you will read the history of the development of 
the pneumatic tire you will read one of the most dra- 
matic things in all industrial development. Mr. 
Dunlop didn’t develop the tire for motor cars. His 
son rode to school over a piece of rough pavement on 
a solid rubber tired bicycle, and complained about 
it. His father, who was a veterinarian, ....madea 
wooden wheel and on the edges of the wheel he tacked 
a canvas loop. Inside of that he put a rubber tube 
and with a football pump he pumped it up. That 
was the first pneumatic tire; conceived not as a sci- 
entific invention, but something to please a small 
boy. 

If you read the discussions in the scientific papers 
of the years in which the pneumatic tire was making 
its way on racing bicycles, because that was the only 
use for it—you will find very learned discussions 
among engineers as to the whys and wherefores, why 
it wouldn’t work and why it would work. No 
progress was made until a very much unknown 
bicycle rider defeated the champion and then 
everybody said, ‘““There must be something to it.” 
In other words, Mr. Dunlop produced a sample, a 
working sample. I sometimes think we discuss too 
much and don’t make enough samples whereby we 
can get the thing across. I am a great believer in 
all the formulas and other things that necessarily 
are used in engineering, but I feel that the fact is 
very much better ahead of the formula than behind it. 

See If you go back and trace the history of all 
industry, you will find that exact thing. Somebody 
did something that everybody was sure wouldn’t 
work. It wouldn’t work under certain conditions 
but the fellow who succeeded didn’t do it under those 


science. I am for bringing out or trying to convert, 
if you want to think of it that way, some of the in- 
tangibles of our modern science to see if we can’t 
spin them into threads that the engineer can use and 
weave into our everyday work. 

We are told today by very learned men that the 
things we do that we think are tangible are not; 
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that they are only a mental concept. Now that may 
be. We may have to have a certain kind of mind in 
order to believe that those microphones are immate- 
rial, or that something I say in here is repeated to 
you through a loud speaker, or that this watch is 
- simply a correlation of mental phenomena. There 
may be minds that can grasp that thing, but it isn’t 
an engineer’s. An engineer has to have something 
he can hit with a hammer. If there are some people 
who can conceive of these things without any mate- 
rial relationship whatever, I glory in their ability, 
but it doesn’t help me a bit. I have got to have a 
hammer and a nail to put 2 boards together. I 
can’t wish them together, nor anything else. 

We need today to lessen that great gap that has 
existed and is growing wider and wider every year 
between the so-called pure science and applied sci- 
ence. We are drifting apart, and we are drifting 
apart for very definite reasons. The purely theo- 
retical man doesn’t like the hard-boiled attitude that 
the commercial engineer has to have. Therefore, 
when he proposes some of his schemes and he hasn’t 
a sample, and you try them out and they don’t work, 
he doesn’t like that. Consequently, he likes to se- 
lect those problems about which the commercial 
engineer can’t ask him any questions. And the 
commercial engineer, because of that thing, because 
of the experience he has had before, doesn’t want to 
go and ask him any questions. So, between the 
technical education that we have today and the prac- 
tical thing, a wide breach has been developed. 

We find that the younger trained engineers have 
been given an enormous amount more of mathema- 
tics and mathematical physics than the older ones 
have. I tried to find out why that is. There is 
nothing wrong with it at all. There is nothing wrong 
in the mathematical approach to any problem. The 
only point I raise is that it is not the only approach. 
Mathematics is a tool in engineering exactly like a 
milling machine is in a factory. Because a milling 
machine may be good doesn’t mean that you throw 
out your shapers and your lathes and your planers. 
I think we are making the problem of doing simple 
things very much more difficult by trying to mathe- 
matize them than we would if we just did them. 

A very great instructor in music once, when some- 
one asked him what the word ‘‘technique”’ in music 
meant, said that it was playing the simplest passages 
‘in the most difficult way. 

We have developed a lot of technique in engineer- 
ing, and sometimes we make a very great and very 
difficult problem out of a simple one. I can’t help 
but think that all the problems of nature are simple, 
and I think the difficulties we have are very largely 
due to our own conception of them. In the last few 
years there have been some very marvelous books 
published among which I think I remember one 
called ‘‘This Mysterious Universe’”’ by a great engi- 
neering author. It is a wonderful book. It is well 
worth anybody’s reading. I have no objection to 
the book at all and the contents of it. I only object 
to the title, which should read, ‘“‘A Mysterious Mind’s 
Concept of a Normal Universe.’’ The universe must 
be normal or it wouldn’t have run along so well for 
such a long period of time. 
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eats Nothing can be done to keep the earth from 
turning around on its axis. There is nothing to do 
about the peculiar way it has of going around the 
sun, which makes the seasons. There is talk about 
leveling our production, and that sort of thing. The 
first thing we ought to do is to straighten out the 
earth’s axis and cut out those seasons. That wouid 
help a lot, but we can’t do much about it..... We 
are going to have our seasons, and that is great for 
the dressmakers and everybody else, because I don’t 
know what we would do if we didn’t have some reason 
for changing styles. We have to take the things as 
they are, and we must go ahead. 

Another interesting thing is that all the rest of our 
lives are going to be lived in the future, unless we 
spend too much time wishing we had lived them in 
the past. Therefore, I would like to make that 
future just about as nice a place to live in as I can 
think of. If we don’t carry over too much of the old, 
dirty past; if we begin to think of a polished, bright, 
glistening, and glorious future and say, ‘“‘Why is it, 
it can’t be that way?’ we can solve those problems, 
because I think we can make them anything we 
want. 

We have a lot of things that we ought to tear down 
and throw away. I say we ought to rebuild this 
country. The first thing you know, the banker and 
economist says, ‘“‘Where are you going to get the 
money?’ Iam going to tell you where you are going 
to get it: In exactly the same place we got the money 
to build it this far. We didn’t have any to start 
with. All we did was dig this building out of the 
ground and put it up here. It didn’t have to grow; 
it has always been here, but it wasn’t in this particu- 
lar shape. 

We can take man-hours and convert material into 
almost anything we want. First of all, we get scared 
about what it is going to cost. The only things we 
have of any value in this world at all are the natural 
resources of the country—with which we didn’t have 
anything to do. They were here long before we got 
here, although we sometimes think we created them. 

We have the man-hours of intelligent, useful 
people, and every time you cut out a useful world of 
intelligent active, skilled people, that is the economic 
loss. Anything we do to keep materials from being 
converted into human utilities is an economic loss. 
And if materials are converted, somebody else does 
something else. Money is used only as the con- 
veyor to carry it from one point to another. We 
have been calculating in dollars entirely too much. 

The wealth of the nation is not in dollars; it is in 
useful material, and the positive side of economics is 
the movement of useful materials through the chan- 
nels of trade. That must always go ahead of the 
return flow of money through the counting houses. 

It is up to the engineer to do the positive side of 
the thing. For the last 10 or 15 years, I am afraid 
the engineers have hobnobbed too much with the 
bankers. The engineer is a great person in this re- 
spect, to work with the banker on this question of 
standardization. We had the great standardization 
idea that if we just got everything made alike, what 
a wonderful world it would be. 

I pictured one time the marvelous day of Utopia 


327 


when every engineer would have standardized every- 
thing he could think of. There was going to be a 
great celebration. Down the main street of the 
great city of Utopia we were going to have a parade, 
like the Mardi Gras. At the end of it we had this 
beautiful arch of accomplishment called “Standardi- 
zation,” and the band played, the floats went down, 
and the crowds cheered. We had arrived. But as 
we marched through the arch, if we had turned 
around and taken a look back at the other side of it, 
the side we forgot, we would have found that nature 
had slipped another motto on there that we didn’t 
think of: ‘‘This is the land of stagnation, cut-throat 
price competition, and depression.”” That is where 
standardization will always lead in the last analysis. 

I have no objection to standardizing the nails that 
go into my shoes or the buttons on my coat, but I do 
object to standardizing the style. If I want a coat 
different, with different kinds of buttons on, I want 
to get it. We have buttons on our coat sleeves be- 
cause of habit. There is no more use for these but- 
tons on my sleeve than there is for a rabbit having 
3 ears, and yet custom and style say they go there.... 
They did serve a very useful purpose at one time. 
Our monks used to eat soup, and their long flowing 
cuffs got in the soup until they put buttons on and 
buttoned the cuffs up to keep them out of the soup. 
We have economies on the amount of cloth that goes 
in the sleeve, but we still leave the buttons. So all 
we need to do is go back and survey where we came 
from. 

Remember, research hasn’t anything to do with 
throwing away what is old; only with going back 
and analyzing whether the old thing may not be 
entirely revived in its utility by the introduction of 
some new things. .... Research, so far as engineering 


is concerned, is to go back and study why did we do 
things the way we do them, and how we can improve 
them. The other thing is to cut loose our imagina- 
tion and do a little wishing. 

What are some of the things we would like to have? 
Why can’t we have them? Research is not a thing 
that goes only with a laboratory; it is purely a prin- 
ciple, and anybody can apply it. It is simply to try 
to find out if you are satisfied with what you have, 
where you are, and what you are doing. Write 
down 10 things that you don’t like about your busi- 
ness, about yourself, or the things you are doing or 
working with as your problems. You may not be 
able to solve the number one, because it may be a 
very difficult thing, but you will be able to pick out 
one of them, just like you put the word in the cross- 
word puzzle. Finally, after a period of time, you 
will be surprised to find out how these things break 
down if you persistently work at them. In other 
words, research is simply trying to step farther ahead 
to try to find out, as I say, what we are going to do 
when we can’t keep on doing what we are doing now. 
That doesn’t need to be done in a laboratory..... 
Time is going to move on, and time is going to bring 
to us new things and new facilities, if we have open 
pauvaokeo Ngee I never at any time, even in the most 
prosperous times was any more confident that this 
country can go ahead and develop than I am now. 

I think the next 10 years is going to see a complete 
renaissance in engineering and scientific develop- 
ment. It is all ahead of us. Every period in time 
has always had somebody to say: “‘I don’t see what 
new there is to be'done.’*2. 7" If we can take out the 
bugaboo of ‘Your world is finished,’ and put instead 
of that ‘‘The world is begun,”’ we have a marvelous 
place to live and a marvelous future ahead of us. 
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The Young Engineer 
Under Changing Conditions 


The situation in which the young engineer 
may expect to find himself under currently 
changing conditions in industry is discussed 
in this paper. Also, the education of 
engineers, undergraduate and postgraduate, 
is reviewed from a practical point of view 
in the light of circumstances likely to be in- 
volved in their early activities in industry. 
Suggestions are given concerning under- 
graduate curricula, and concerning educa- 
tional activities that could be carried on to 
advantage by the young engineer after 
entering industry. The necessity for a 
proper balance in various activities and in 
personal characteristics is emphasized. 


By 
R. E. HELLMUND Westinghouse Elec. and Mfg. 
FELLOW A.1.E.E. Co., E. Pittsburgh, Pa. 


S. MUCH has been written during 
recent years concerning changes in engineering edu- 
cation and the position of the young engineer in 
industry that it is with hesitancy this paper is pre- 
pared discussing the subject further. Nearly every 
conceivable idea has been advanced for adapting mat- 
ters to changed conditions (see reference list) so that 
almost anything now offered can be merely a repeti- 
tion of thoughts previously expressed. In particu- 
lar, the very excellent paper by President C. C. Wil- 
liams of Lehigh University, ‘“The New Epoch in 
Engineering Education,’! which came to attention 
after this paper was outlined, has increased this hesi- 
tancy because the ideas involved are in substantial 
agreement, particularly on a good many points re- 
garding the college curriculum. Therefore, such 
thoughts as are set forth in this paper are submitted 
principally for the interest they may have as emanat- 
ing from one who is not directly connected with edu- 
cational work, but who has been closely associated 
with many engineers engaged in research, design, 
application, and other project work, and who has had 
an opportunity to observe at close range their per- 
formance, their mental attitude, and possibly their 
shortcomings during periods of prosperity and 
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depression alike. If certain conclusions arrived at 
from this position of observation, which naturally 
differs appreciably from that of the educator, are in 
agreement with his, this should encourage pore 
at least along the lines of agreement. 

In discussing the various questions, it is not the 
intention to act as a prophet or to suggest any ideas 
that will lead to the millennium, but rather to ex- 
amine from a practical point of view conditions as 
they now are and as they are likely to be in the near 
future, and from this to reach some definite conclu- 
sions. 


UNDERGRADUATE PREPARATION FOR ENGINEERS 


The extreme maladjustments brought about by 
the depression have resulted in suggestions for rather 
radical changes in engineering education and, as in 
many other matters, a tendency has developed to 
discard the good with the bad and to lose sight 
of the fact that there are certain fundamentals that 
will hold regardless of business cycles. It has been 
suggested that, since the engineer was somewhat 
responsible for technological unemployment, his 
college education should be broadened to such an 
extent as to enable him to avoid or remedy all the 
social evils having any connection, however remote, 
with engineering work. Although the writer has 
given it serious thought during the depression, no 
one thing is known that the individual engineer or 
any group of engineers could have done to ward off 
the depression or to restore conditions to normal 
even if their education had been such that they had 
fully understood all the factors entering into the 
situation. Even if it were desirable, for the good of 
humanity as a whole, to retard the introduction of 
laborsaving designs and devices with the idea of 
avoiding technological unemployment, an engineer 
employed in any competitive industrial enterprise 
has no choice whatsoever but to do everything in 
his power to reduce costs if his concern is to survive 
and continue to provide employment. Since even 
the most ardcit advocates of government control of 
business in the United States have never suggested 
the elimination of competition in industry, an early 
change in this situation cannot be expected. The 
only way in which the engineer can contribute 
toward increasing employment is to continue to 
create new products for which there is a need or 
desire, and to reduce the cost of products already in 
use so that a larger percentage of the population 
will be able to buy them. The only conclusion that 
can be drawn from this is that the future engineer 
must prepare himself to do more and better engineer- 
ing and that any attempt to delete from the engineer- 
ing curriculum any subjects that are necessary for 
successful engineering in order to make room for 
more or less unrelated subjects is a step in the wrong 
direction. Another practical and important con- 
sideration supporting this latter point of view is 
that the majority of the younger engineers enter 
married life soon after graduation and must there- 
fore be in a position to earn a reasonably satisfactory 
living. Industry, although in general very willing 
and anxious to help the young engineer in his further 
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education, can hardly be expected to support him for 
several years without obtaining reasonable service 
for the salary paid to him. Therefore, the young 
engineer should enter his profession with at least a 
thorough knowledge of the essential fundamentals 
relating to his particular engineering work. 

The previous conclusion that the future engineer 
must do more and better engineering has been arrived 
at chiefly from consideration of the engineer's rela- 
tion to his business and to social problems, but it 
also seems to be the best way to raise the engineering 
profession to a higher level in society, which, of 
course, is the desire of every true engineer. In 
judging a physician or lawyer we do so by the ability 
of each within his own profession, and in evaluating 
the standing of either of these professions in society 
we naturally do it by the accomplishments of the 
profession as a whole. Similarly, the engineering 
profession will be measured by its accomplishments 
in engineering. Assuming, then, that undergraduate 
education should strive primarily to produce good 
engineers, the question might be asked: In what 
respect could the curricula of the engineering schools 
be changed better to accomplish this purpose? 

In observing engineers in their work in industrial 
organizations, the most obvious shortcoming noted 
is that they frequently become so absorbed in the 
solution of an interesting problem that they fail to 
pay sufficient attention to certain economic and com- 
mercial features. This point, while not new, has been 
brought to the foreground by conditions during the 
depression that made it more necessary to focus 
attention upon the economic phase. The writer is 
therefore in accord with the suggestion made by 
many that economics be afforded a more prominent 
place in engineering education. In many college 
curricula, courses in economics are included, but are 
given by the department of economics. Some of the 
basic laws given to engineering students in this 
manner may be of value, but much of the work 
covered at present is far removed from the practical 
applications encountered by the engineer in his work. 
Hence it seems that the engineering schools should 
offer some courses in economics and their practical 
application. 

Psychology is another subject of study that for 
several reasons will assist the engineer in effectively 
carrying on his engineering and related activities in 
modern industry. With the increase in industrial 
organizations and the necessary specialization and 
departmentalization, work cannot be performed 
effectively without a thorough knowledge of human 
nature. This again is not new, but the importance 
of it has been emphasized by the depression. When- 
ever reductions in force were necessary, the deciding 
factor in the release of one rather than another was 
frequently some personal shortcoming rather than 
a lack of technical ability. For details, reference 
might be made to an interesting study by T. Spooner. 
Although the study of psychology by no means will 
correct all personal shortcomings, it nevertheless 
seems to be the only practical means by which the 
colleges can bring about improvement. 

Another circumstance making desirable a greater 
knowledge of psychology is the increasing sale of tech- 
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nical products to the public at large. During the 
early days of engineering, activities were confined 
chiefly to technical accomplishments, such as the 
building of bridges, railroads, tool machinery, elec- 
tric generators, motors, and the like, in which the 
engineer designing these items usually had to deal 
with customers who also were technically informed, 
and in which the considerations involved related 
principally to such features as technical utility. 
At that time the industrial products intended for the 
public at large were very simple and were designed 
by artisans rather than by engineers. During more 
recent years many such devices have come into exist- 
ence that in their design require technical skill and 
a great amount of theoretical knowledge. Examples 
are: the modern household refrigerator, automati- 
cally controlled electric heating devices, air condi- 
tioning equipment, and so forth. The engineer 
taking up this work, although well trained to handle 
the purely technical features, generally is not pre- 
pared to appreciate fully the psychology of the pub- 
lic as the purchaser of such items. By sheer necessity 
many engineers in industry have been forced to ac- 
quire knowledge along this line, but little attention 
has been given by the colleges to these changed 
conditions. In dealing with the public at large the 
problems to be considered are partly of an economic 
nature, which again emphasizes the necessity for 
paying more attention to this subject. In addition, 
there is a great need for a knowledge of the psychol- 
ogy of the buying public. The total expenditure 
which most people can make is definitely limited 
and therefore it is essential to learn as far as possible 
what the various classes of people will be willing to 
spend their money for, and what prices they will be 
willing to pay for conveniences and luxuries that 
industry can make available to them. Again, in 
connection with well established articles which the 
public buys regularly, it is essential to determine 
which of the various improvements possible will be 
accepted by the public at the additional cost neces- 
sary to include them. Since it is usually the engi- 
neer who conceives new articles and new features in 
existing articles, it is very important that he acquire 
some knowledge of the public’s attitude toward these. 

Although it is self-evident under present day con- 
ditions, it is mentioned here principally for the sake 
of completeness that psychology is of importance to 
the engineer working with the public utilities, be- 
cause of the increased importance of public relations; 
to the sales engineer in his contacts with customers; 
and to the works engineer in his labor problems. 
As in the case of economics, the teaching of some of 
the more fundamental principles of psychology may 
well be left to the department of science, but again 
it seems desirable that various specific courses hav- 
ing close relation to engineering be given by the 
school of engineering and be made available to engi- 
neering students as elective subjects. 

In addition to the many suggestions for broadening 
engineering education, there have been during re- 
cent years many suggestions for new engineering 
courses and for further subdivisions of those existing, 
the idea in general being that there should be one 
course for the students who wish to take up research 
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and technical engineering work and other courses 
for those wishing to assume administrative duties, 
sales work, and the like. Although eventually some 
more complicated classification of this nature may 
be worked out, it is believed that steps along this 
line at this time would be premature. One reason 
for this is that few courses are now available on the 
individual subjects, such as engineering economics 
and psychology, that have a substantial content of 
analytical methods useful in solving practical prob- 
lems. A great many schools have introduced certain 
so-called industrial engineering courses, but in many 
cases these do not have the same standing in the 
minds of employers as have the courses in electrical, 
mechanical, and civil engineering for example. 
Furthermore, at some of the universities there is 
a feeling among the students that these industrial 
courses are the ones that make it easy to obtain an 
engineering degree. This, I believe, is due entirely 
to the fact that industrial courses were set up in 
many instances without sufficient background of 
subjects of practical value. Progress has been made 
in this direction and some books have been published 
on industrial economics, but at present most of these 
books, although containing interesting historical 
accounts or setting forth existing conditions, give 
very little that is of assistance in analyzing industrial 
economic problems. Courses in engineering econom- 
ics and various courses that may be devised for the 
application of psychology to engineering activities 
no doubt will be very difficult to initiate because of 
the lack of material and also of teachers able to 
handle these subjects. For this reason these courses 
should be introduced as elective, and not until they 
have proved their worth should any attempt be made 
to introduce themas compulsory, especially where this 
would mean the elimination of other well organized 
courses now being presented. For the present it 
seems best that those students wishing to carry on 
the engineering of transmission projects be given an 
opportunity to take an elective course on trans- 
mission calculations, while other students who in- 
tend to enter the merchandising field either as engi- 
neers or salesmen be allowed to select a course on 
the psychology of the buying public. Again, 
students wishing to go into the design or manu- 
facture of engineering products used in industry 
should select a course in engineering economics. 
Another reason why it would be inadvisable to 
start several subdivisions of engineering schools, as, 
for instance, courses for engineering economists, 
is that industry is hardly ready to take on such 
specialists. One of the most important lessons 
learned by industry during the depression was to 
make all possible efforts to hold overhead costs low. 
Some of the larger concerns are experimenting on a 
small scale with offices or bureaus handling certain 
special work, such as economics or market analysis 
for instance, however, it is evident that in the 
beginning such work cannot be intrusted to young 
graduate engineers inexperienced in present business 
methods, but will have to be carried on by older em- 
ployees. Part of such personnel may not even be 
engineering graduates, though a few engineers may 
be called upon to handle some of the work of a more 
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technical nature. Most of the smaller concerns 
will not for some time to come undertake market or 
economic studies of any kind. Even in the larger 
concerns there is a definite tendency to avoid addi- 
tional functional specialization whenever it is at all 
possible. Furthermore, economic questions relating 
to engineering activities usually are tied in so closely 
with engineering work proper that it is impractical 
to have them handled separately by special per- 
sonnel. The engineer himself or his supervisor must 
give these matters the necessary attention; in other 
words, what is needed in the majority of cases are 
engineers who are economically and commercially 
minded rather than specialists in engineering econom- 
ics. Concerns manufacturing highly technical prod- 
ucts, as, for example, electric machinery, at present 
prefer to employ even in their sales departments 
graduates of engineering schools, because their 
salesmen have to deal constantly with technically 
trained customers. It must be realized that these 
salesmen must be able to discuss engineering prob- 
lems intelligently and that they will have but little 
opportunity for education in engineering funda- 
mentals except while in college. They of course 
also need 2 thorough knowledge of psychology and 
economics, and their needs would be well served if 
in addition to the basic engineering subjects they 
were given an opportunity in college to take elective 
courses in engineering economics and psychology 
instead of some of the more highly technical elective 
courses now forming part of the electrical engineer- 
ing curriculum, but of value only to those wishing 
to take up highly technical work. 


GRADUATE COURSES PRIOR TO ENTERING INDUSTRY 


As the writer frequently has stated, it is believed 
that it is somewhat dangerous for engineering stu- 
dents to stay too long in the college atmosphere. 
The engineering profession is one of accomplish- 
ment, requiring initiative and aggressiveness, traits 
which are not so likely to be developed in college 
life, particularly in the type of students most in- 
clined to take postgraduate work. Therefore it 
seems to be better for the young engineer to enter 
industry as early as possible after completing the 
undergraduate course. The present undergraduate 
courses, modified as suggested to permit greater 
freedom of choice in elective subjects, will equip 
engineers satisfactorily for more than 90 per cent of 
the positions they will be called upon to fill in the 
beginning. There is no doubt that for certain types 
of highly technical and research work some post- 
graduate work at a university may be desirable, 
especially if the students are unable to find employ- 
ment in localities where opportunities for further 
education through courses given by the industries or 
night courses by colleges are available: If for 
this reason postgraduate work is carried on at col- 
lege, or if it is taken up because graduates cannot 
find immediate employment after graduation as 
has been the case during the depression, it is advisa- 
ble to take courses which will be of assistance in 
engineering work but which do not directly relate to 
the specific type of engineering contemplated. 
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Knowledge of such related subjects usually is harder 
to acquire later on than subject matter directly re- 
lated to an engineer’s work. For example, an eng1- 
neer wishing to enter research work on electrical 
subjects will do well to take additional mathematics, 
physics, physical chemistry, etc.; an engineer 
wishing to take up practical design will find addi- 
tional work relating to the materials used in his type 
of engineering, such as chemistry and metallurgy, 
very useful. Frequently some postgraduate work 
at a university after a few years of experience in 
industrial research is of advantage because the 
engineer then is in a better position to judge what 
line of study will be most helpful to him. 


OPPORTUNITIES FOR THE 
YouNG ENGINEER IN INDUSTRY 


At present the most vital and at the same time 
the most difficult question to answer is: What op- 
portunities exist for the young engineer in industry? 
To gauge these possibilities, it seems necessary to re- 
view some of the past. In looking back, statistics 
show that during the boom period preceding 1929 
there were about 10,000 engineering graduates 
annually, of which 5,000 were electrical and mechani- 
cal engineers. More than half this latter number 
were absorbed immediately after graduation by 3 
large electrical concerns. Even allowing for the fact 
that a few of these men later on became available to 
the utilities and other manufacturers, it was very 
difficult to see how these few together with the other 
half of the 5,000, could even approach the needs of 
the other electrical manufacturing concerns, public 
utilities, and the vast number of industries engaged 
in mechanical engineering work. In fact, at that 
time it looked as though a good deal of engineering 
work was being done by men without any or with 
only partial college training, and, as is well known, 
some of the needs were being filled by foreign 
trained engineers. It was quite natural under these 
conditions that considerable competition arose among 
the larger manufacturing concerns for the services 
of at least the better graduates of engineering 
schools. On the whole, there was much evidence of 
a shortage rather than an oversupply of good gradu- 
ate engineers. Even at that time many university 
graduates were drifting into positions that could 
have been filled by technicians trained in schools 
requiring but 1 or 2 years of training; however, such 
activities probably always will be an outlet for some 
of the poorer university graduates who either lack 
the mental ability or the ambition to work up to 
higher levels of engineering work. 

During the depression the business of many in- 
dustries decreased to anywhere between 20 and 60 
per cent of previous levels and, particularly in the 
heavy industries, where engineering is of greatest 
importance, it reached the lower of these levels in 
many instances. It is therefore not surprising that 
engineering forces had to be radically reduced, 
leaving great numbers of experienced engineers with- 
out employment, and that during the lowest level 
it was practically impossible for engineering gradu- 
ates to find employment. At present, business is 
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noticeably on the upswing, but because of many 
uncertainties industry is increasing its forces very 
cautiously and not in line with the increased amount 
of business. However, all indications are that as 
time goes on further need for additional engineering 
talent will arise and employment will have to be 
made at an increased rate. In meeting this situa- 
tion, industry can choose between young graduates 
and some of the older engineers who are still un- 
employed; in other words, the young engineer will 
have to consider these older men as his competitors. 
Some of the older men have been permanently retired 
and pensioned and others have taken up activities 
other than engineering; in the latter case also the 
change in many instances will be permanent because 
some of these men are better suited for other activi- 
ties and will remain in them. This, of course, is 
fortunate for the young engineer, particularly since 
men from other professions are not likely to drift 
into engineering because of their lack of special 
training. Nevertheless, there still are many engi- 
neers unemployed and others ready to return from 
other activities to engineering work. Should business 
pick up rather quickly at any one time, employers 
will have no time to train new men and therefore 
will re-eemploy some of the older men experienced in 
the particular work to be performed. However, 
with the exception of those cases where talent with 
specific experience and ability is needed at once and 
is available, the young engineer has the advantage 
in practically every respect, for the following reasons: 


1. Most employers appreciate that the best results can be obtained 
only by maintaining a proper balance between older and younger 
personnel. The older generation is needed for its experience and 
mature judgment, while the younger is needed to supply enthusiasm 
and aggressiveness. The latter qualities may be particularly helpful 
after this depression, when many of the older men may have become 
overcautious as a result of their experiences during the depression. 


2. During the depression it has happened that whenever reductions 
in force were necessary, more of the younger employees were re- 
leased than of the older ones and as a result the average age in a good 
many organizations has been considerably increased. This in turn 
means that a good many of the leaders who are still active at this 
time will soon drop out, making it particularly desirable that younger 
men be trained to take their places. 


3. There is a general trend toward earlier retirement in the United 
States, approaching conditions in other countries where pensions 
have been established for an earlier retirement age. 


4. Except where specific experience is quite essential, older em- 
ployees usually prefer as their assistants young men with flexible 
minds and greater adaptability. 


5. The younger men generally can be secured at lower rates. 


6. In engineering there is one particular condition which at all 
times, and particularly now, favors the young engineer. The older 
engineer, although having accumulated experience and judgment, 
usually grows a bit rusty on his theory as time goes on and depends 
to a great extent upon the younger engineer, just out of school and 
fully familiar with the latest theories and methods, to handle the 
technical details in calculation, laboratory, and similar work. 


The first 5 of the above items cover conditions 
which favor the young engineer, but over which 
neither he nor the schools have any control. The 
last item, however, which is of particular impor- 
tance, is within their control, and it is one more 
reason why the young engineer, if he wishes to prove 
of maximum value to industry and to enhance his 
chances for early employment, must be well grounded 


ELECTRICAL ENGINEERING 


in basic and engineering theory. This does not 
necessarily mean that all the tasks he will have to 
perform during the early days of his professional 
work will be of a theoretical nature, but rather 
that he should be ready to do work of this character 
_ when called upon to do so. 

Though at the beginning of the paper it was 
stated that no prophesying was to be done, the writer 
is reasonably confident that the time is not far off 
when most of the better and medium graduates of 
engineering schools will find employment in their 
own profession; further, that those who are not suc- 
cessful in finding employment within the engineering 
profession and who engage in other work will never 
regret having an engineering education because it 
will prove of value in almost any work they may enter. 


THE YOUNG ENGINEER AFTER ENTERING INDUSTRY 


Under the previous heading it has been definitely 
pointed out that there wil] be a place for the younger 
engineer in industry. After he bas found employ- 
ment, his progress is largely a matter within his own 
control. Unless he is exceptionally brilliant, he 
cannot expect anything but a mediocre position and 
remuneration if he is not willing to continue some 
study. The need for continued education has been 
stressed so much during recent years that it hardly 
requires any further emphasis. The nature of his 
continued study of course will depend upon cir- 
cumstances, such as the needs indicated by the im- 
mediate and contemplated activities and the availa- 
ble opportunities. The engineer by this time should 
have a better idea of the particular work he is likely 
to follow than he had in school, and thus should 
be in a position to plan his further educational work 
accordingly. In prosperous times the young engi- 
neer usually has a reasonable chance to enter the 
kind of engineering work he prefers, but in the days 
just ahead he may not find it advisable to be too 
“choosey.’”’ Even in normal times he may be com- 
pelled to take up work somewhat different from his 
first preference. Because universities give extensive 
courses on power generation and transmission and 
practically nothing on technical merchandising de- 
vices, and also because of the inclination on the part 
of youth to do big things, about 70 per cent of all 
engineering graduates usually express a desire to 
go into power transmission work, the design of large 
machinery, railway electrification, and similar work. 
Of course it is not possible to employ such a large 
number for work of this nature, and therefore it has 
been necessary to persuade some of these engineers 
to take up other activities. Practically no instance 
is recalled where these men later regretted their 
action as they soon learned that there are very inter- 
esting problems in almost any engineering and re- 
lated work. For this reason, the young engineer 
need not be particularly concerned about having to 
enter work not entirely in accord with his wishes, but 
rather he should prepare himself to handle effectively 
the work assigned to him or any to which it may lead. 

A brief outline of the type of courses usually taken 
by the engineering graduates during the early years 
of their employment with the company with which 
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the author is associated may be of interest. Research 
and design engineers take certain courses dealing 
with the application of the fundamentals to practical 
problems. Later on some of them take advanced 
courses in the analytical treatment of the more 
difficult problems. Courses on differential equations, 
advanced physics, and, more recently, on metallurgy, 
engineering economics, and the like have been made 
available. Sales engineers are often not in a position 
to carry on educational work at headquarters over 
extended periods of time because many of them are 
assigned to district work after a period of training. 
During this time they frequently take one course in 
the application of fundamentals to practical prob- 
lems, similar to that taken by the research and 
design engineers, and other courses relating to com- 
mercial activities, industrial economics, and psy- 
chology. In addition, some courses on engineering 
subjects definitely prepared for the purpose are made 
available to sales engineers in the field, either as 
correspondence courses or through class work given 
by older district engineers. Engineers entering the 
works organization take courses on industrial eco- 
nomics, metallurgy, time study, and other subjects 
of interest. Also, courses on various languages and 
public speaking are available to all engineers. 
The greater part of this work, particularly the sub- 
jects for research and design engineers, is handled 
through the co-operative graduate course carried 
on jointly by the University of Pittsburgh and the 
Westinghouse Company and described more in 
detail in a previous paper.® 

As a rule, engineering graduates are advised to 
take first the more difficult scientific and technical 
courses, as it will be much more difficult for them to 
take these courses later on when they are under 
greater stress from their regular work, and also be- 
cause of demands upon their time by newly acquired 
family ties. This latter condition is one that often is 
overlooked in discussions on postgraduate engineer- 
ing education, but it is one of practical importance 
in many cases. 

Although in the foregoing, engineering education 
for engineers has been stressed chiefly for practical 
reasons, the writer does not wish to be understood as 
believing that broader education and a broader aspect 
of life should not be striven for by the engineer. 
The writer does believe, however, that the purpose 
of the broader interests should be to enable him to 
live a richer and fuller life rather than to enable him 
to remedy all the evils and maladjustments of the 
day. It is highly desirable for the engineer, after 
disposing of the most essential factors necessary for 
him to earn a satisfactory living, to make every effort 
possible to broaden his education and point of view. 
At present unlimited opportunities are available for 
this purpose. 

Frequently the younger engineers ask the question: 
What makes the successful engineer? Obviously it 
is impossible to answer this by any general statement, 
because engineering work extends over such a variety 
of activities that certain qualifications of prime 
importance in some activities may not be essential 
in others; even for a specific type of engineering, 
so many different qualifications are required that a 
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reasonably comprehensive answer would require 
extensive discussion. However, there is one general 
principle which the engineer should try at all times to 
follow, and that is to strike the proper balance in 
both his personal characteristics and his engineering 
activities. Like most fundamentals, this is not new, 
but the importance of it has been emphasized during 
the depression, when it seemed that those engineers 
who maintained this proper balance in general fared 
better than others. 

Assuming that this principle of proper balance has 
been applied to the various studies carried on by the 
engineer, the next and most important thing for the 
engineer to realize is that in the final analysis he will 
be judged by what he can accomplish rather than by 
what he knows. Therefore, although the acquisition 
of knowledge as a tool is essential, the engineer 
after entering industry must guard against devoting 
so much of his time and attention to additional 
studies that he neglects actual accomplishment. 
It is only through a proper balance between these 
that he will succeed. This same principle applies to 
nearly everything entering into an engineer’s activi- 
ties. Naturally, to be a successful engineer, he must 
have many new ideas, but at the same time he must 
not start work on so many of them that he cannot 
bring any of them to a successful conclusion. An 
engineer must be forward-looking, but even here he 
should devote his attention to matters that are 
possible of practical realization within a reasonable 
time. It has been frequently stated by Dr. Ketter- 
ing, of the General Motors Corporation, that the 
important qualification of a research engineer is 
a continued state of dissatisfaction with present 
conditions. This undoubtedly is true, but this 
should not be carried to the point where the good of 
the present order is discarded with the bad. The 
engineer unquestionably should strive for perfection 
in his work, but at times it is impractical to strive 
for a degree of perfection that is not attainable 
within a reasonable period of time and at a reasonable 
cost. A good deal is heard about the need for 
specialization, and often in solving specific problems 
specialization is necessary, but if he wishes to re- 
tain a broad viewpoint the engineer should be careful 
not to carry this too far. Generally it is desirable 
to attack the more involved engineering problems 
from a theoretical and analytical point of view, but 
this may prove a waste of time when ordinary rea- 
soning and common sense plainly indicate the course 
to be pursued. Furthermore, if he wishes to avoid 
the reputation of being a theoretical dreamer without 
a practical point of view, the engineer who has culti- 
vated the ability for theoretical work must be care- 
ful not to overlook relatively simple matters of prac- 
tical importance. Most new engineering under- 
takings require a great deal of optimism, courage, 
and perseverance if success is to be attained, but this 
should not prevent the engineer from critically 
examining his work in order to make sure that he is 
not spending a great deal of effort on projects that 
are not possible of accomplishment at the time, or 
the economical importance of which is out of propor- 
tion to the effort and expense necessary to accomplish 
results. Examples of this kind could be continued 
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indefinitely, but those that have been touched upon 
briefly should be sufficient to illustrate the absolute 
necessity for striking the proper balance in every- 
thing; which, of course, also means that the engineer 
must try to cultivate those characteristics in which 
he finds himself lacking. 

This paper deals principally with the young engi- 
neer’s training and early activities in industry, but 
as a matter of course his chances for future advance- | 
ment must always be kept in mind. Many engineers 
will prefer to continue in highly technical or research 
work and they will find satisfaction and reward in 
the national or international reputation they obtain 
within their profession because of leading work in 
their line. It is evident that the technical and 
scientific training advocated in the paper is the most 
suitable for their purpose. Other engineers, prefer- 
ring to work toward executive positions, will find 
that in addition to a sound technical training and 
a habit of analytical thinking they must very early 
adopt a definite plan for broadening their interests 
to include commercial, administrative, and many 
other subjects relating to business in general. Of 
course, personality, a certain inborn ability for leader- 
ship, and similar traits are prerequisites for success 
along these lines. 

In concluding, there is nothing better than to quote 
President E. B. Meyer of the A.I.E.E., in his message 
on the subject, ““Opportunity and the Young Engi- 
neer,’’ appearing in the November 1935 issue of 
ELECTRICAL ENGINEERING, in which he says: ‘The 
question of opportunity for the young engineer 
is simply the question of his scientific training, plus 
initiative, aggressiveness, character, personality. 
Good men are needed now as they always will be.” 
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O. Diesel-electric cars and locomo- 
tives the principal functions of electrical transmis- 
sion are: 


1. To transmit power from the engine to the driving axles. 


2. To vary the ratio of the engine speed and torque to the speed 
and torque required at the driving axles. 


Additional purposes are: 


3. To supply electric power derived from engine power for the 
operation of auxiliaries such as compressors for air brakes and air 
conditioning, blower motors, locomotive and train lighting, and 
battery charging. 


4. Tostart the engine using the battery as a source of power. 


Electric transmission can be utilized to transmit 
the power of the engine to the driving wheels and to 
permit its use over as wide a range of speed as service 
conditions require. The curves of figures 1 and 2 
show typical results with electric transmission as 
compared to mechanical transmission. No mechani- 
cal connection between the engine and driving wheels 
is necessary with electrical transmissiou. The en- 
gine drives an electrical generator and the power is 
conducted by wires from the generator to the motors 
which are geared to the driving axles. 

In figure 3 is shown a simple diagram of the elec- 
trical transmission. The generator field may be ex- 
cited in one of several ways as will be discussed later. 
The motors are arranged in 2 groups which may be 
connected in series or parallel, and arrangements are 
provided for weakening the fields of the motors, 
usually by shunts, in one or more steps. 


MAIN GENERATOR 


A typical engine-generator set is shown in figure 4, 
while desirable generator characteristics are indi- 
cated in figure 5. The generator size is primarily a 
function of the capacity and speed of the engine. 
From figure 6 can be determined the required speed 
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for any given engine horsepower with which a certain 
generator weight per horsepower could be obtained. 

The generator rating usually is based upon its con- 
tinuous kilowatt capacity corresponding to the en- 
gine capacity. Generator voltage can be selected 
to give the most economic design of generator and 
motor combination, without reference to some stand- 
ard trolley voltage. This freedom permits the de- 
signer to pick a “‘natural’’ voltage instead of an ar- 
bitrary voltage. To avoid a multiplicity of voltages, 
it appears desirable to establish certain standard 
voltages which can be used in ratings. The follow- 
ing voltages in uniform geometric steps cover the 
necessary range: 1,000, 800, (750), 640, (600), 500, 
400, (375), 320, (300), 250. The figures in parenthe- 
ses are values proposed in the new A.S.A. rules to 
conform to existing standards. 

The ampere rating of the generator will, of course, 
follow from the kilowatt capacity and the voltage, 
and will be discussed more fully later as regards its 
relation to the motor ampere capacity. 

To obtain a range of operating speed within the 
continuous capacity of the generator, it is necessary 
to have a range of voltage within the continuous 
capacity. As noted from the curve of figure 5, an 
overvoltage of 25 per cent is considered desirable, the 
use of which will be discussed later. The maximum 
ampere capacity of the generator as indicated on the 
curve is 160 per cent of its normal capacity. With 
series-parallel control of the motors, this overload 
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capacity is sufficient to provide for any necessary 
motor overload. The maximum capacity of the 
generator in relation to continuous capacity, from 
the standpoint of both commutation and heating, is 
more limited than in the case of the motor. When 
carrying the maximum ampere load, the generator 
may be operating at full engine speed, whereas the 
motors at maximum ampere demand are operating 
at greatly reduced speed. Since the commutating 
voltage is proportional to the ampere load times the 
speed, it readily may be seen that the motors are 
much less limited in this respect than is the genera- 
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tor. Likewise, the generator usually is operated at 
a higher speed and is more open, and hence more ef- 
fectively ventilated than are the motors. Therefore 
the generator is smaller and lighter than the motors, 
thus reducing its thermal capacity and its maximum 
load capacity. 


METHODS OF CONTROL OF GENERATOR FIELD 


Differential Field Generator. ‘To secure as nearly 
as possible the ideal generator curve as given by 
figure 5, various methods of automatic regulation 
have been used. Inasmuch as the generator field 
current should be reduced when armature current 
increases, differential field coils have been used on 
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Fig. 2. Comparative horsepower-speed charac- 
teristics of mechanical and electrical transmissions; 
800 engine horsepower 


the main generator. ‘The field coils of such a genera- 
tor occupy considerable space. For example, with 
100 per cent separately excited field and 20 per cent 
differential field at full load, the net field excitation 
is 80 per cent, whereas the space taken is 50 per cent 
greater than necessary to produce the flux. This 
makes the generator larger and heavier. By using a 
small differentially wound separate exciter, a genera- 
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tor with a field of normal size can be used. It may 
be noted, however, from the curves in figure 7 that 
while ordinary differential field arrangements give 
the general characteristics desired, the shape of the 
curve does not match the ideal. 

Special Differential Exciter. Various methods for 
obtaining better performance have been evolved. 
One of these is to use a special exciter (U.S. Patent 
1,730,340) the performance of which is indicated in 
figure 8 and the plan of connections in figure 9. It 
may be noted that all poles are excited from a sepa- 
rate source, and that the differential field is used on 
2 poles only. The number of turns in the separately 
excited field coils on these 2 poles may differ from 
those on the other poles and thus be made to furnish 
sufficient excitation to saturate the magnetic circuit 
of these 2 poles. The differential field not only re- 
duces the field produced by the separate excitation, 
but at heavy loads reverses the flux and saturates the 
2 poles in the opposite direction; thus bending the 
curve up to give the desired characteristics. The 
armature is wound with an ordinary 2 circuit wind- 
ing, and the armature voltage is a resultant of the 
voltage induced by all poles. By proper proportion- 
ing of the various fields and the magnetic circuit, 
and taking into account distortion, it is possible to 
approximate closely the characteristics desired. 
The performance of a generator using such an ex- 
citer is indicated in figure 10. 

In service, the condition of the engine, and hence 
its performance, will vary. In case the engine is not 
able to carry its load, the tendency will be to run 
slower. With the differential exciter scheme the 
slowing down of the engine will slow down the exciter 
and hence reduce the exciter voltage and main gen- 
erator field, thereby reducing the torque demanded 
from the engine. This tends to avoid “‘killing”’ the 
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engine. In starting with a cold generator and ex- 
: citer the resistance of the fields will be low, thus tend- 
ing to overload the engine which in turn will cause it 
to run slower. Usually, however, the engine room 
can be kept warm; further, the field coils do not be- 
-come heated to a very high temperature in regular 
service. 

Where the separately excited field of the exciter is 
furnished by a battery, a variation in battery voltage 
will affect the load on the engine, a weak battery 
tending to reduce the load on the engine. It is very 
desirable, therefore, to keep such a battery in uniform 
condition. A small variable resistor inserted be- 
tween the exciter armature and the generator field 
can be used to adjust for engine and battery condi- 
tion and field temperature. Usually, however, such 

adjustments are considered undesirable unless made 
automatically. 

Generator Without Exciter. For small, high speed 
generators, a small separately excited teaser field and 
a shunt field can be used. If such a machine is 
carefully proportioned and the magnetic section 
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worked at low flux density, which may be desirable 
on such machines, the voltage will vary rapidly with 
the speed, and hence a slight change in engine speed 
will vary the generator voltage and load, and a stable 
condition will be reached for each load with very 
little change in engine speed or power. This ar- 
rangement, however, also is subject to variations in 
engine condition, battery condition, and main field 
coil temperature. 

Generator With Torque Control. The generator 
field also may be controlled by a very sensitive relay 
connected across the armature of a self-excited aux- 
iliary generator. Any variation in engine speed will 
affect the auxiliary generator voltage and, in turn, 
the relay. The relay operates a contactor which 
cuts resistance into or out of the generator field cir- 
cuit. A ‘‘door-bell effect’’ is introduced into the cir- 
cuit so that the contactor vibrates rapidly. This 
together with the magnetic inertia of the generator 
fields results in a steady voltage corresponding to the 
ampere load. With this arrangement, the full torque 
of the engine, which it can deliver at any engine 
speed, can be used regardless of engine condition, 
battery condition, or temperature of the main genera- 
tor field. The effect of variation caused by tempera- 
ture changes in the auxiliary generator field is mini- 
mized by winding the field for low voltage and using 
in series with the field a resistor having a negative 
temperature coefficient. 
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The generator excitation can be carried up to its 
maximum economical limit, resulting in a generator 
of minimum weight, and the ideal generator charac- 
teristics as shown on figure 5 can be obtained. 

A motor operated face plate rheostat controlled 
from contacts on the engine governor has also been 
used instead of the vibrating contactor, resistor, and 
relay. 


EFFICIENCY OF GENERATOR 


Inasmuch as the engine capacity is limited, the 
transmission of power to the wheels with a minimum 
loss is especially desirable. Since generator voltage 
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is reduced on an overload, the per cent resistance drop 
becomes very high and it is essential to reduce the 
resistance to the minimum. The resistance loss can 
be reduced by increasing the number of poles. How- 
ever, the increased number of poles increases the 
frequency and hence tends to increase the core loss; 
thus it becomes necessary to use all possible means 
to reduce the core loss, which includes band losses, 
pole face losses, and eddy current losses. Band 
losses can be reduced by the use of nonmagnetic 
bands on the end windings and wedges in the slot. 
Eddy current losses can be reduced by suitable ar- 
rangement of the armature conductors. Pole face 
losses can be reduced by proper lamination of the 
pole punchings. Generators having 8 poles have 
come into common use in the larger sizes instead of 
4 pole generators. The use of series-parallel control 
of the motors makes it unnecessary for the generator 
to carry heavy ampere overloads, and hence the gen- 
erator can be operated near its point of maximum 
efficiency. With the larger sizes of generators, an 
efficiency between 93 and 94 per cent has been ob- 
tained. 


MOUNTING AND CONNECTION TO THE ENGINE 


In most cases, both the engine and the generator 
are mounted on a bedplate and connected by a solid 
coupling. One generator bearing normally is used. 
A 2 bearing set has the advantage that the generator 
is a self-contained unit and can be handled readily. 
However, the single bearing generator enables 
weight to be saved and, being more open, allows 
better ventilation. To save some of the weight of 
the bedplate, the engine in some cases is arranged to 
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be bolted to the rear end of the generator through a 
flange on the frame, 2 feet being provided on the 
generator and one on the engine giving a 3 point 
support. 
Satisfactory results have been obtained also with 
single bearing machines with flexible couplings to 
the engine shaft. Such couplings when used with 
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engines of the larger sizes usually are flexible to take 
care of slight misalignment, but have no torsional 
flexibility. With engines of smaller size, couplings 
that also have torsional flexibility sometimes are 
used, but they are not as rugged as the solid coupling 
and require more maintenance. 

In some cases, it is desired to operate the engine 
below the principal critical speed to avoid the use of 
vibration dampers. To do this, it is necessary to 
raise the critical speed by the use of a very stiff engine 
crankshaft and a very stiff connection to the genera- 
tor armature. In this case, the connection is made 
direct to the armature spider, which is of a very stiff 
design. 


Marin Morors 


A typical motor is shown in figure 11, and typical 
motor characteristics, with curves at several voltages 
with full field strength and curves at the higher volt- 
ages with weakened field, are shown in figure 12. 
The maximum voltage for which the motor is suitable 
depends upon its commutating and flashing charac- 
teristics. The maximum commutating voltage is 
proportional to the product of the amperes times the 
speed, and hence occurs on the weakest field at the 
point of maximum voltage and full load from the 
generator. It will be obvious that the motor can be 
operated at lower voltages with reduced capacity, 
but the speed on the weakest field can be main- 
tained by increased shunting of the field. In normal 
applications, and with full engine output, the motor 
develops 80 per cent of its maximum speed on weak 
field with maximum generator voltage. With the 
continuous generator voltage 80 per cent of the maxi- 
mum, the speed on full field will be 40 per cent of the 
maximum. This gives a ratio of 2!/, to 1 between 
the maximum speed and the continuous rated speed 
of the motor. By operating the motor at lower 
voltages, the continuous rating speed is reduced and 
the required horsepower of the engine is reduced, the 
weight of the motor per engine horsepower is in- 
creased and the speed ratio is increased. The curve 
of figure 13 shows the weight of the motor per engine 
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horsepower as a function of the speed ratio. This 
curve will vary slightly with the size of the motor, 
and is based upon the present A.I.E.E. rules. The 
proposed new A.S.A. standards permit operation at — 
higher temperatures with class B insulation. These 
higher temperatures have been recognized for some 
time as being more conservative than the older class 
A temperatures used with class A insulation. The 
new basis of rating will result in motors of lower 
weight per horsepower and relatively more conserva- 
tive temperature rises. 

As may be noted from the generator curve, the 
voltage drops as the current is increased. In 
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switcher locomotive service the motors usually are 
operated intermittently at overloads. Since the 
motor copper loss varies with the square of the load, it 
becomes rather high in percentage of the power 
available, which of course is much more limited when 
obtained from a Diesel engine carried on the locomo- 
tive than when obtained from a trolley. This indi- 
cates the desirability of low copper loss for motors 
used with Diesel-electric equipment. It should be 
noted that low resistance does not necessarily mean 
low copper loss, since the copper loss depends upon 
the ampere load squared times the resistance. The 
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ampere capacity depends upon the voltage for which 
the motor is wound. 

The motor used with the Diesel-electric equipment 
does not have to stand line surges. Also, all the 
field coils can be placed on one, preferably the nega- 
tive, side of the line, and the motor can be operated 
on an ungrounded circuit or one with a midpoint 
grounded. The insulation requirements hence are 
not so severe as with conventional trolley operation, 
and this is conducive to higher specific output. 

As previously stated, the voltage of the motor can 
be selected to give a most economical design of motor 
and generator combination. Freedom from line 
surges permits the use of higher commutating and 
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flashing constants, which also tends toward lighter 
weight. The selection of a ‘‘natural’’ rather than an 
arbitrary voltage for the motor permits the use of 
more conservative designs as regards commutating 
characteristics. Multiple windings instead of 2 cir- 
cuit windings are being used to a larger extent, and 
this permits the use of higher speeds with very con- 
servative commutating and flashing characteristics, 
and motors of lighter weight. 

The ampere ratings of the motors and generators 
should match very closely and hence, to obtain flexi- 
bility so that several motors can be used with the 
same generator, the following system is found to be 
useful: 


Generator Motor 
Size Kw Volts Amperes Size Volts Amperes 
A SOOR ar. SOORs eee LOOO es ae ee IG dats ile hs SOO acs 500 
B 640 > ..6e- 640...... TROOO)g echeniee ee i ES Aion. aoe 640 nore. 500 
Ee 500% 2s DOOR sr LiQ00 sete Aes Ceeek eee. SOO Aes: 500 
|B ee eee M0052 Sec AOQ) cece es OOO Soe, een 1D Pe nese 400 seas 500 
E B20 ie 640 oo es.. SOO Saeed ) Dia Maes 6405 .c8.5 250 
Bites cri 2 ayia DOOR sear DOS oregeha 500. F BOO Meer 250 
G 200 one BOOM soo. ses 0) Oe eee eres Oe See ees 400s aah 250 


These values are used for illustration. With series- 
parallel contro] of the motors, the generator ampere 
capacity often can be from 10 to 15 per cent less than 
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the combined ampere capacity of the motors. It 
may be seen that with this system any of several 
motors can be used with any one of several generators 
provided their limitations are not exceeded, and still 
match in current rating. For example, 2 B motors 
can be used with a B generator, and will give a speed 
range of 2.5 to 1; or, with the same generator, 4 B 
motors arranged 2 permanently in series will give a 
speed range of approximately 5 to 1; 4 C motors wili 
give a speed range of 4 to 1, or 2 A motors will give 
a speed range of 3.2 to 1. Four E, F, or G motors 
could be used in parallel on B, C, or D geuerator. 
Various other combinations will be obvious. 

As previously noted, field shunting of the motors 
is generally used. By shunting the motor field at 
the higher speed, the current demand from the gen- 
erator at a given tractive effort and speed is increased 
and the maximum voltage is reduced. The use of 
field control, therefore, permits the use of a generator 
without excessive maximum voltage and hence a 
smaller size. With generator having 25 per cent 
overvoltage as indicated by the curve of figure 5, the 
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motor will have a range, within its continuous ca- 
pacity, of 1.5 to 1 in speed without any field control 
and using full engine power. By using one step of 
field control, this range can be increased to 2 to 1, 
with 2 steps the range can be increased to 3 to 1, and 
with 3 steps the range can be increased to 41/, to 1. 
Also it may be noted that series-parallel control 
generally is used. Where a very wide range of trac- 
tive effort is needed, the use of series-parallel control 
of the motors will reduce the maximum demand on 
the generator. The maximum overload on the gen- 
erator need not exceed 60 per cent even with 200 per 
cent or more overload on the motors. 

The general tendency is to use antifriction roller 
bearings for the armature, and sleeve bearings of the 
constant-oil-level type for the motor axle bearings. 
Likewise, the tendency toward roller bearings for 
the main axle journals leads to a need for early 
agreement on new standard axles for this type of 
high speed equipment. In addition to standard 
axle sizes, there is a need for standard physical 
mounting dimensions to permit interchangeability of 
motors on a given truck. To secure long life of the 
motors with the minimum of attention, motors 
should be stpplied with clean air free from road-bed 
dirt, sand, etc. 

From the above, it may be seen that motors de- 
signed for Diesel-electric equipment do not have the 
same limitations as motors designed for trolley opera- 
tion. As a result a distinctive line of motors has 
been and is being developed to meet the particular 
needs of this type of service. Standard types of 
railway motors such as are used on trolley type cars 


Figa tite 


A typical main driving motor 


and locomotives can be and have been used, of 
course, but they are far from the most suitable from 
the standpoint of weight, performance, and cost. 


GENERATOR AND Matin Moror 
COMBINED PERFORMANCE 


The combined characteristics of generator and 


motors are given in figure 14. These curves are 
plotted in per cent. 
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The performance for a trolley operated, 1,500 volt, 
high speed, 2-car train for interurban and suburban 
service is indicated in figure 15. With this equip- 
ment on 1,350 volts average, the train can be ac- 
celerated to 34 miles per hour at 2.25 mphps in ap- 
proximately 15 seconds, to 50 miles per hour in 25 
seconds, and will reach a balancing speed of 95 miles 
per hour. With power supplied to the same motors 
from a 600 horsepower Diesel engine generator set 
(as also shown in figure 15) the balancing speed may 
be the same, but the maximum acceleration can be 
carried only up to 6.5 miles per hour. The voltage 
available for the maximum acceleration is 675 per 
motor when fed from trolley, but it is only 170 volts, 
or !/, as much, when fed from the Diesel engine 
power plant. On a 2 per cent grade, 65 miles per 
hour can be attained with the trolley operated equip- 
ment, but only 45 miles per hour is attained with the 
Diesel electric equipment. 

In figure 16 are shown typical performance data 
for a Diesel-electric car equipment with a 1,000 
horsepower (net to generator) engine and 2 motors 
geared for a maximum operating speed of 100 miles 
per hour and continuous operating speed (utilizing 
full engine power) of from 40 to 80 miles per hour, 
and with overload tractive effort up to 3'/, 
times the continuous tractive effort. Combined 
data of figure 17 are typical for a locomotive equip- 
ment with the same power plant, but using 4 motors 
geared for a maximum speed of 63 miles per hour and 
continuous operating speed (utilizing full engine 
power) of from 12.5 to 50 miles per hour. The con- 
tinuous tractive effort is 25,000 pounds and the over- 
load tractive effort is more than ample to slip the 
wheels with axle loadings of from 50,000 to 63,000 
pounds. 

It should be noted here that the ratio between the 
maximum operating speed and the lowest continuous 
operating speed is 2!/. to 1 in the case of the car 
equipment, and 5 to 1 in the case of the locomotive 
equipment using twice as many motors. If the en- 
gine power on the locomotive is reduced 50 per cent 
to 500 hp, the speed ratio is increased further to ap- 
proximately 10 to 1. With maximum single reduc- 
tion gearing and modern high-speed motors, the 
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lowest maximum speed Reine is from 55 to 65 miles 
per hour; hence, where only low power is necessary 
with resultant low speed, the speed ratio becomes 
very high. 

In figure 13 the weight of the motor per engine 
horsepower is plotted as a function of the speed 


Fig. 13. Motor weight 
as function of speed 
ratio 
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ratio. A simple rule is to take the weight of the 
motors to be proportional to the continuous tractive 
effort times the maximum safe speed, or 


Weight = K X Cont. T. E. X Max. Speed. 


K varies from 0.016 to 0.020. Where the maximum 
reduction gear ratios are used, the maximum safe 
speed does not vary greatly with the size of the mo- 
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tor. Hence, for separately ventilated motors used 
on locomotives with maximum reduction gears, 


Weight = K, X Cont. T. E, 


K, usually varies between 1 and 1.25, and is a func- 
tion of the size and up-to-dateness or suitability of 
the design of the particular motor. The tractive 
effort is a function of the locomotive weight, and 
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hence the motor size also is a function of the locomo- 
‘tive weight. Usually the motors amount to approxi- 
mately 12 or 14 per cent of the locomotive weight. 
With the progress which has been made in motors 
designed for Diesel-electric locomotives, the tendency 
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is to use a higher ratio of tractive effort per ton of 
locomotive weight rather than to reduce the propor- 
tion of the weight of the motor. Where the locomo- 
tive is operated in the most severe service, forced 
ventilation from a separate blower is used. With 
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lighter service, the ventilation can be reduced, and 


in extremely light service the motors are sometimes 
operated enclosed. 


AUXILIARY OPERATION 


Where low voltage electrically operated auxiliaries 
such as air conditioning units, air brake compressors, 
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radiator blower motors, main blower motors, locomo- 
tive and car lights, and battery charge are used, it 
may be desirable to supply them from the main 
generator while idling the engine. This can be ar- 
ranged by using the shunt field separately excited 
from the battery and using the series starting field as 
a differential series field to limit the battery charging 
current and to regulate the voltage. When running 
at full engine speeds, auxiliary power is supplied 
from a separate auxiliary generator mounted on the 
commutator end of the main generator, or driven 
from the generator end by a coupling or belt. In 
some cases, the auxiliary generator is made large 
enough to carry the load at all engine speeds. This 
greatly increases its weight, but simplifies the con- 
trol. Separate engine driven auxiliary generators 
also have been used. 


ENGINE STARTING 


The most convenient means for starting the engine 
is to use the generator as a starting motor. With 
generator voltage around 600 and battery voltage of 
64 volts, which is about 10 per cent of the generator 
voltage, it is necessary to use considerable care in 
keeping down the resistance of the starting circuit. 
Usually slightly more than full engine torque is neces- 
sary for break-away and about 30 per cent of engine 
torque usually is necessary for spinning the engine 
at the firing speed which is usually about a sixth of 
the running speed. A small, low resistance, series 
field can be provided for starting. This field must be 
proportioned to give sufficient break-away torque 
and also to enable the engine to be brought up to its 
firing speed. 

From the foregoing, it may be seen that there has 
been considerable development in the design of gen- 
erators and motors for Diesel-electric equipments. 
Furthermore, additional progress can be expected as 
the ultimate design by no means has yet been 
reached. The tendency will be toward lighter 
weight per engine horsepower, toward equipments of 
greater horsepower, and toward greater efficiency. 
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Flashovers on 
Transmission Lines 


This paper is intended to be of practical use 
to transmission line engineers in that it shows 
how transmission line flashovers may be esti- 
mated and segregated into 1, 2, and 3 
phase, and double circuit, flashovers. The 
method of calculation is comparatively 
simple and based upon analyses of statis- 
tical and analytical information. 


By 
L. V. BEWLEY 


ASSOCIATE A.1.E.E. 


General Electric Co., 
Pittsfield, Mass. 


Mac: has been written concerning 
the proper design of the protective features for over- 
head transmission lines required to secure immunity 
from flashovers caused by lightning. But more gener- 
ally, the operating engineer is interested in knowing 
the comparative protective levels of his existing lines, 
and what improvement can be realized byrelatively in- 
expensive changes, such as a reduction in tower foot- 
ing resistances, additional insulator disks, or differ- 
ential insulation on double circuit lines. The ideal 
is to be sought, but it is not always economically 
justifiable. Therefore it is the object of this paper 
to discuss line flashovers in general, and to present 
curves, data and procedures which will enable the 
operating engineer to estimate with engineering ac- 
curacy the lightning characteristics of his line. 
These estimates, however, will be no better than the 
accumulated statistical data upon which they are 
partially based. 


RESUME AND CONCLUSIONS 


1. Comparatively simple calculations, in conjunction with a curve 
of lightning severity, make possible the estimation of the percentage 
of flashovers on a transmission line, and to segregate this percentage 
into 1, 2, and 3 phase flashovers; also into single or double circuit 
flashovers. These estimates are possible for lines with or without 
ground wires, expulsion gaps, or differential insulation. 


2. The factors entering into the estimate are: 

a. surge impedance of the lightning stroke 

b. self surge impedance of a conductor, including the effect of corona 
and ground current levels 

mutual surge impedances 

surge impedance of several conductors in parallel 

coupling between conductors and groups of conductors 

tower footing impedances 


The As 
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g. length of span between towers 

h. ground wire clearance and conductor spacing 

i. normal frequency voltage magnitude and polarity 

j. impulse sparkover characteristics of insulators | 
k. statistical curve of lightning severity (current versus number ex-, 


ceeding) 


3. In all cases, the lightning current necessary to cause flashover1 
is given by an equation of the form: 


(impulse flashover voltage of insulator) — (polarity effect) ) 


(equivalent resistance)(1 — coupling factor) 


The “insulator impulse flashover voltage’? depends upon number r 
and type of insulators; and upon the surge duration as influencec I 
by reflections from neighboring towers, hence upon the length of | 
span. ; 
The “‘polarity effect’? depends upon the instantaneous normal fre-. 
quency voltage and polarity of the stricken conductor and that of the : 
next conductor to be involved. The voltage on the stricken con- - 
ductor is modified by the surge impedance of the stroke. Polarity ' 
effect is instrumental in determining the next phase that will flash 
over, but is not a ruling factor in determining the total number of © 
flashovers. 

The ‘equivalent resistance’ takes into account the tower footing 
resistance, surge impedance of the stroke, and surge impedances of 
any conductors involved. It is so defined that the calculated 
lightning current is the current which the stroke could deliver to a 
zero resistance ground, and this makes possible the correlation of 
all calculations on the basis of a single lightning severity curve. 
The ‘“‘coupling factor’? depends upon the self and mutual surge im- 
pedances and the number of conductors involved. It is the domi- 
nating factor in limiting a flashover to a single phase, for the coupling 
greatly increases when one phase flashes over, thus mitigating the 
chance of other phases flashing over. 


4. There is even yet insufficient appreciation that a reduction of 
tower footing resistance is a very effective method of reducing 
flashovers as compared with the addition of insulation. A line with 
9 insulator units and 15 ohms tower footing resistance is more im- 
mune to lightning than a line with 20 insulator units and 35 ohms 
footing resistance. 


5. A line of 9 insulator units equipped with a ground wire of proper 
midspan clearance and perfect shielding and having tower footing 
resistances not greater than 15 ohms should, except for occasional 
freak strokes, be practically lightning proof. 


6. Complete immunity from midspan flashovers requires a midspan 
ground wire clearance of 35 feet on 1,000 foot spans; yet the number 
of flashovers for a midspan clearance of half this value is only about 
5 per cent of the total strokes contacting the line. Therefore, high 
ground wire clearances probably cannot be justified except for very 
important lines. 


7. Two ground wires are superior to a single ground wire for 3 
reasons: (a) the shielding is more effective in preventing a lightning 
stroke from directly contacting a line conductor, (b) the surge im- 
pedance of 2 ground wires in parallel is !/; less, and (c) the coupling 
with the line conductors is 2/3 more. 


8. Expulsion gaps cannot prevent all midspan flashovers, but other- 
wise may be as effective as ground wires. At intervals of 500 feet 
or less, they give practically complete protection. 


9. Wooden cross arms may materially increase the lightning level 
of a line. 


10. Excessive insulation to ground, such as provided by wood 
poles and insulating gaps, not only is an ineffective way to reduce 
outages on high voltage lines (say above 66 kilovolts) but has the 
decided disadvantage of compelling most of the flashovers to involve 
2 or 3 phases (mostly the latter). (On lines of lower voltage, where 
induced strokes are important, wood should prove very beneficial.) 
Moreover, on such lines the number and severity of the surges 
reaching the station are far greater than would be the case with 
grounded hardware, or with expulsion gaps on the line. 


11. Grounded hardware on high voltage wood pole lines increases the 
number of single phase flashovers, but greatly reduces the number 
of 2 or 3 phase flashovers. This is a marked advantage in those 
cases where single phase faults can be tolerated but phase-to-phase 
faults cannot. Also, grounding the hardware may prevent some 
pole splitting. 
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12. On double circuit towers, most of the multiple phase flashovers 


{will involve both circuits. 


13. On double circuit lines equipped with adequate ground wires 


and having sufficiently low tower footing resistance the flashovers 
‘can, by an insulation differential equivalent to 2 times the normal 


_ frequency crest voltage, be restricted to one of the circuits. 


This 


, differential can be secured either by changing the number of insula- 
tor units in the strings, or by equipping one of the circuits with 


| 


expulsion gaps. 
outages. 


In the latter case the flashovers do not result in 


14. The method of calculation developed in this paper is not 
limited to the types of structures illustrated, but may be applied 


' quite generally to evaluate the comparative protective levels of dif- 
- ferent arrangements. 


CLASSIFICATION OF LIGHTNING STROKES 


Whether or not a transmission line will flash over 


_when struck by lightning depends upon the magni- 
tude and characteristics of the lightning, and the 


characteristics of the protective equipment of the 
line. For the purpose of this paper the lightning 
surge itself is sufficiently characterized by 3 factors: 


1. Current (or voltage) of the stroke. 
2. Wave front of the lightning impulse. 


3. Surge impedance of the stroke. 


Of these, the current is most definitely known. 
Hundreds of records obtained with magnetic links 
on towers have been published in both the United 
States! and Germany.” Lewis and Foust! have 
classified these records as shown in figure 1 for lines 
having a protective level greater than 5,000 tower- 
footing amperes. When lightning currents necessary 
to cause a flashover are calculated in this paper, 


Fig. 1. Light- 
ning severity 
classification 
(Lewis and 

Foust) 


40 60 
PER CENT STROKES EXCEEDING ORDINATE 


80 100 


it will be understood that these currents are the 
ones which would flow if the ground resistance were 
zero, rather than the current actually delivered by 
the stroke if the ground resistance is other than zero. 
This is a necessary correlation, because 2 identical 
strokes may deliver quite different currents, de- 
pending upon the impedances which they encounter. 

Lewis and Foust! also have classified the wave 
fronts and wave lengths of traveling waves resulting 
from natural lightning as measured from cathode ray 
oscillograms, and have found that the great majority 
of these traveling waves have fronts several micro- 
seconds long. However, since all except one of their 


1. For all numbered references, see list at end of paper. 
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oscillograms were taken at points on the line remote 
from the point where the lightning struck the line, 
it is likely that the wave fronts had been consider- 
ably flattened by distortion, and therefore that the 
initial fronts were steeper. For this reason it will be 
assumed that the lightning impulse initially may 
have a front as short as one microsecond. 

The surge impedance of a lightning stroke has 
been variously estimated at from 200’ to 400 ohms,* 
but no actual measurements have been possible. 
The latter value will be used throughout this paper. 
If it is in fact lower than 400 ohms, the comparative 
results given hereafter will have to be altered some- 
what. More definite information about the surge 
impedance of a lightning stroke is at present- the 
principal requirement in the study of transmission 
line protection; and until this factor is settled, all 
lightning calculations must, to a certain extent, be 
relative rather than absolute. 


LINE PARAMETERS 


When lightning contacts a ground wire or line 
conductor, traveling waves appear not only on the 
stricken wire, but also, by induction, on all neigh- 
boring wires. The main wave appearing on the 
stricken wire depends upon the traveling wave é 
coming down the lightning stroke, the surge im- 
pedance Z, of the stroke, the self-surge impedance Z 
of the stricken wire, and any other impedance R 
connected at the point of contact. The wave in- 
duced on adjacent wires (of the same sign as the main 
wave) depends, in addition, upon the mutual-surge 
impedance Z’ between wires. The self-surge im- 
pedance of an overhead conductor is roughly equal 
to 500 ohms if there is no corona, but if the voltage 
is high, corona greatly reduces this value, and at the 
very high potentials which may develop at midspan 
due to a stroke there, the surge impedance may be 
as low as 300 ohms. However, a high resistance earth 
causes the ground current to flow at greater depths 
and this increases the surge impedance. Actually, 
both corona and a resistive earth give rise to multi- 
velocity waves,° hence the concept of a single 
self-surge impedance for each wire is not entirely 
tenable. Nevertheless, over the short time intervals 
with which this paper is concerned, the multivelocity 
waves will not have had time to separate, and an 
average self-surge impedance may be used. 

The mutual surge impedances will average between 
100 and 150 ohms, and therefore the coupling fac- 
tors will be of the order of 0.25, 0.40, 0.50, and 0.57 
respectively for 1, 2, 3, or 4 conductors in parallel. 

Detailed formulas for the self and mutual surge 
impedances and the coupling factors are given in 
appendix I. 

McEachron’ has shown experimentally that the 
impulse voltage necessary to cause flashover of a 
string of insulators is changed by an amount ap- 
proximately equal to the instantaneous value of the 
60 cycle voltage across the insulators. The evalua- 
tion of this normal frequency polarity effect in the 
case of transmission lines is carried out in appendix 
II, where it is shown to depend upon the surge im- 
pedances and the number of line conductors involved. 
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LIGHTNING STROKES TO A TRANSMISSION LINE 


Lightning may contact a ground wire, tower, line 
conductor, or some combination of these. The 
resulting impulse voltages will be different in the 
different cases, but, as shown in appendix III, in 
all cases the lightning current necessary to cause an 
insulator flashover is given by 


Une) 
R'(1 — Fn) 
where 
V = impulse voltage necessary to flash over the insulator 
@ = normal frequency polarity effect 
R’ = equivalent resistance 
Fy, = coupling factor, depending upon the number m of conductors 


involved. 


On the assumption of a negative lightning stroke, 
the insulator impulse voltage V is to be taken with 
negative sign, while the normal frequency voltage e 
is to be taken with its appropriate instantaneous 
value as defined in appendix II. There are, then, 
the following possibilities: 


Cou- Normal 
Surge pling Equivalent Frequency 
Imp. Factor Resistance Effect 
Eq. Eq. Eq. Eq. 
(6) (7) (17) or (18) (9) or (11) 
Stroke to Flashover to Mh, Fr, Te e 
No. 1 line wire No.2line wire 500 0.2 : Ail 2 ae 
i 1 oO. n 5 = = 2 
ine wire 5 Zo 1/Zo + 2/21 2 
No. 1 and No. 2 Fr P 1 —4 
laeleites No. 3 line wire 315 0.40 i/Z. 4 2/2: Sart fs e3 
Tower (no. : ; 1 
ground wires) No. 1 line wire —— 0.00 1/Z + 1/R ai 
Tower (1 ; : 1 
ground wire) No. lline wire 500 0.25 i/Zo + 2/Zi + 1/R e1 
Tower (2 - z 1 
ground wires) No. 1 line wire 315 0.40 i/Zo + 2/2, + UR — Eh 
, . 1 é1 
No. 1 line wire Tower 500 0.00 1/Z) + 2/hi 9 


If there are no ground wires, the insulator flash- 
over voltage V is taken (with negative sign for a 
negative lightning stroke) from the characteristic 
curves (figure 2) for the minimum voltage which can 
cause flashover. 

But if there are ground wires, reflections return 
to the stricken point from neighboring towers, there- 
by reducing the effective duration of the surge and 
therefore increasing the voltage necessary to cause 
flashover. Hence the impulse flashover voltage V 
is a function of the length of span and the tower 
footing resistance. It happens, however, that for a 
ground wire to prove at all effective, the tower 
footing resistance must be small compared with the 
surge impedance. For this reason, the wave shape 
at the stricken tower is essentially a function only 
of the span lengths. This wave shape can be com- 
puted’ and the corresponding insulator flashover 
voltage estimated. In the upper part of figure 5 
these insulator flashover characteristics are given for 
different lengths of span. 

The radial straight lines in the lower half of figure 
5 give the net kalovolts across the insulator as functions 
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Fig. 2. Tenta- 
tive data relat- 
ing to insulator 
flashover char- 
acteristics, 


based upon 
standard 10 
inch disks 


spaced 5°/, 
inches apart 


KILOVOLTS CREST 


4 6 8 
MICROSECONDS 


of the lightning current for different effective re- 
sistances. This effective resistance is defined as 
Ae il 
~ (/R 41/2) + 2/Z) 


hence in ordinary cases where the tower footing re- 
sistance R is small compared with the surge im- 
pedance Z, (= 400 ohms) and Z (= from 200 to 500 
ohms) the effective resistance R’ is practically the 
same as the actual tower footing resistance R. Thus — 
the dashed lines of figure 5 are simply curves of 


Rie iN 2) 


while the full lines include 30 per cent coupling and 
are 


(L— PRT = (Ve) 


The single curve in the lower half of figure 5 is © 
the same as figure 1 except that the abscissa has been 
relabeled “‘per cent flashovers.”’ 

In ordinary cases where the tower footing resist- 
ance R is small compared with the surge impedance 
of the line, it is sufficient to take R’ = R when esti- 
mating the flashovers due to a stroke to a tower or 
to a ground wire in the neighborhood of a tower. 
It is clear that figure 5 is equally applicable for esti- 
mating the flashovers from a stricken line conductor 
to an adjacent conductor or to the tower, using R’ 
= 113 and R’ = 154, respectively. 

Thus figure 5 permits the calculation of the per- 
centage of flashovers for all strokes occurring at or 
near the tower and for lines equipped either with or 
without ground wires. Three examples will make this 
clear. 

Example I.—Given a 132 kilovolt steel tower line 
having 9 insulator units, 37 ohm tower footing re- 
sistances, 1,000 foot spans, and no ground wires; 
what size stroke can this line stand, and what per 
cent flashovers will be experienced ? 

A certain small percentage of the total strokes 
will strike the towers, but these will be ignored in 
comparison with the number of strokes striking a 
line conductor. But, for a stroke hitting a line 
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conductor, the tower footing resistance does not 
‘influence the surge, and hence the effective resistance 
is 

1 1 


ie: = ES a ieatoh 
3 1/Z) +2/Z ~ 1/400 + 2/500 aa 


The length of span is of no consequence, inasmuch 
as the resulting surge will not be altered by reflec- 
tions from the towers until after flashover. Nor 
need the possibility of midspan flashovers be con- 
sidered for, regardless of where the stroke hits the 
conductor, the voltage from the stricken conductor 
to the tower will exceed the voltage between con- 
ductors at midspan, because the coupling between 
conductors reduces the voltage between them. 
Hence, if flashover does not occur at the tower, it 
will not occur at midspan. If an exceedingly rapid 
tate of voltage rise causes a midspan flashover 
before the wave reaches the tower, it is a certainty 
that flashover also will follow at the tower. There- 
fore, a calculation of insulator flashovers at the tower 
includes all flashovers on the line. In estimating the 
minimum lightning currents which can cause flash- 
overs, full wave flashover values on the 1.5x40 
wave are used, such wave being regarded as a typical 
lightning wave. Normal frequency voltage on the 
line can be disregarded in this case, since the stricken 
conductor is just as likely to be positive as negative. 

seherelore, inthe upper =part of figure 5 at. 9 
insulator units, and on the 1.5x40 curve, read 
850 kilovolts across insulators.. Entering the lower 
part of figure 5 at this value of 850, follow down 
vertically to the intersection with the dashed line 
154 ohms, thence horizontally to intersection with 
the solid lightning current curve, where the co- 
ordinates will be found to indicate a tower current 
of 6,000 amperes (left hand scale), and 98 per cent 
flashovers (lower scale). Even increasing the line 
insulation to 12 units would reduce the flashovers 
only to 95 per cent. This makes it clear that such a 
line is practically defenseless against a direct stroke. 

Example II.—Same line as in example I, except 
wood poles. The insulator flashover voltage of the 
2 insulator strings and wood cross arm in series is 
equivalent to 20 insulator units.* Entering figure 
5 at 20 on the upper left hand scale and following 
to the right to the 1.5x40 curve, it is seen that 
the flashover voltage is 1,750 kilovolts. This case 
differs further from that of example I in that flash- 
over is now to another conductor instead of to a 
tower. Therefore, coupling is involved and the solid 
lines in the lower half of figure 5 must be used. 
Then, dropping vertically at 1,750 kilovolts to inter- 
section with the 154 ohm solid curve, and following 
thence horizontally to the intersection with the 
lightning current curve, 17,300 amperes and 75 per 
cent flashovers are indicated. Later on it will be 


* Very little allowance has been made in this example for the wood cross arms, 
as limited laboratory tests indicate that the wood may add very little to the 
over-all strength until it equals in strength the flashover voltage of the insulator 
string itself. It does not appear permissible to add the flashover voltage of the 
wood directly to that of the insulators. Furthermore, wood itself is quite vari- 
able, and may have a flashover voltage anywhere from very low values to 300 
kilovolts per foot. Nevertheless, in those cases where confidence is felt in the 
wood cross arms, the methods of this paper can be used for estimating 
flashover, either by using the over-all flashover voltages in the equations, or by 
expressing the wood in terms of an equivalent number of insulators. 
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shown that these flashovers are practically all 3- 
phase flashovers. Wood pole construction usually 
results in phase-to-phase flashovers, while the 
flashovers to ground will concentrate at points of 
reduced insulation to ground, such as guyed poles. 
Furthermore, such construction greatly increases 
flashovers at the stations, !1 unless adequate lightning 
atresters are installed there. And finally, the 
surges of higher voltage may cause split poles. 
Incidentally, no station protective device can in- 
fluence line flashovers!? occurring an appreciable dis- 
tance out on the line. 

Example IIT.—Same line as in example I, except 
with a ground wire having adequate midspan clear- 
ance and correctly placed to give proper shielding. 
In this case reflections return from neighboring towers 
and reduce the potential at the stricken tower, so 
that regardless of the duration of the lightning dis- 
charge, the surge at the stricken tower is shortened 


Fig. 3. 
contacting 


4. Lightning stroke 
contacting ground wire at 
tower 


Lightning stroke Fig. 


line conductors 


materially. This effect is introduced by using the 
curve in the upper part of figure 5 with the ap- 
propriate “length of span,’’ in this case 1,000 feet. 
The effective resistance is now 

1 


es = S0:oh 
1/37 + 1/40 + 2/500 rte. 


The “route” is indicated by a dashed line with 
arrows on figure 5 for this example, and it may 
be seen that the line can withstand a stroke of 
50,000 amperes at or near the tower, and that 18 
per cent of all strokes will cause an insulator flash- 
over. In this calculation the normal frequency polar- 
ity has been ignored. It may be accounted for in 
either of 2 ways: (1) Find the kzlovolts across insula- 
tors in the upper part of the chart in the usual way 
and then, before entering the lower part of the 
chart, deduct from this value the normal frequency 
line-to-neutral crest voltage, or, (2) deduct from the 
actual number of insulators the number corresponding 


to the normal frequency as given in the following 

table: 

OY Stem Reversing O04 OO moe 115 138 161 196 230 287 

GONG ycleiCrest.c-r ee 41 Did 94 113 132 160 188 235 

Equiv. Insulators..... OFS OOF OL GE Ons: 1.0 12 1.4 178) 2x38 
345 


aay 
a ie ee 
Ee 
li 
= ee INEENBSE 
2c SNES 
= al ales Ses NeNS 
ee ANERNEAEN 
Aa e SRBCESSBCK 
IN BREE SGaN 
ROS ESB ose 
: NWOUETBEMEE ERIN 
z WICEEESE RES, 
a BANGS SNS 
Be NNEEEEP SSE 
25 PENA EE Fas 
2 3 HENNNSG SE oe 
Pac BEC OSNNSS jae 
Eo EOEERNGCEEE OSes 
: EBENNWGER Slee 
| ee NNGS Ss Sale 
| FCCP ee eo 
| 
ELE ei se 


20 


@ © J @ 


$s G39vdS WVIG, 01 SYOLVINSNI JO ‘ON 


ARETE 
San rf 
NY WANS 

Beis 
SGIND Gkuw 
SOLVE 


NYE 
CANS Ae 


We 

me 

an 

= 
alates = [ia a 


50 
PERCENT FLASHOVERS 


PEER 
Gresecens Naa 


a 8 
Ce) (@) 
N ——— 


IN3uUND ONINLHSI1 


Fig. 5. Charts for calculation of flashover expectancy 
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For ordinary purposes it is hardly worth-while to 
‘include this refinement. The net effect will be shown 
later in connection with figure 8. 

Suppose it is required to reduce to 10 per cent 
instead of 18 per cent the flashovers caused by 
strokes to the tower or to the ground wire at or near 
the tower. From figure 5 it may be seen that this 
can be accomplished either by increasing the insula- 
tor strings to 11 units, or by reducing the effective 
tower footing resistance to 25 ohms. It is apparent 
that increasing the insulation is a much less effective 

way of reducing flashovers than by decreasing tower 
footing resistance. Indeed, a line with 9 insulator 
‘units and 15 ohms tower footing resistance is more 
immune from lightning flashover than a line with 20 
insulator units and 35 ohms footing resistance! The 
great desirability of keeping the tower footing re- 
sistances down cannot be too highly emphasized.’ 
The data accumulated to date indicate that in those 
localities where ground footing resistances less than 
10 or 15 ohms can be obtained a line of 9 or 10 
insulator units, equipped with a proper ground wire, 
should be nearly immune to lightning, and there is 
little excuse, as far as lightning is concerned, in 
going to higher insulation. 

In the above analysis, it was assumed that the 
ground wire adequately shielded the line conductors; 
that is, no stroke was permitted to contact a line 
conductor directly. Actually, a few strokes may 
evade the ground wire and strike a line conductor. 
There is at present no way of estimating the number 
of these. Such strokes are ignored in this analysis. 

In the present example it was postulated that the 

ground wire midspan clearance should be adequate 
to prevent midspan flashover. Nevertheless, it is 
necessary to consider the possibility of a midspan 
stroke causing an insulator flashover at adjacent 
towers. Of course, the successive reflections can be 
calculated and the voltage at the towers deter- 
mined.’ Such calculations show that the tower top 
voltage for a stroke to the ground wire at midspan 
is approximately half that for a stroke of equal 
severity at the tower. Thus, if the tower footing 
resistance is low enough for the insulators to stand a 
50,000 ampere stroke at the tower, there will be no 
danger for currents of approximately double this 
value at midspan. 

The question now arises: what of those strokes 
which are neither at the tower nor at midspan? 
This question cannot be disposed of rigorously, but 
from a study of the resulting wave shapes for 
lightning strokes to arbitrary points on the line, it 
appears reasonable at least for estimating purposes 
to assume that: 


Any stroke within a quarterspan of a tower will be considered 
equivalent to a stroke to the tower itself, while any stroke within a 
quarterspan of midspan will be considered equivalent to a stroke to 
midspan. 


Granting that a specific stroke elsewhere may exhibit 
characteristics quite different from those it would 
have if it occurred exactly at the tower or exactly 
at midspan, on the average the criterion as stated is 
believed to be as good as any. Therefore, in the 
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foregoing example, where a ground wire with perfect 
shielding and adequate midspan clearance is as- 
sumed, only 18 per cent of the strokes within a 
quarterspan of the towers cause flashovers, and none 
of those within a quarterspan of midspan. Therefore, 
of all strokes hitting this line, only 9 per cent cause 
flashovers. 

This typical example clearly illustrates the great 
advantage of a ground wire, provided the tower 
footing resistances are reasonably low and the mid- 
span clearance is adequate. 


LIGHTNING STROKE TO MIDSPAN 


Referring to figure 6, a lightning stroke is shown 
making contact with a ground wire at midspan. 
The waves appearing on the ground wire and 
traveling to the towers are 


es : 
Sera 


When these waves reach the towers, reflections start 
back toward midspan, given by 


Maas 
OR +Z- 


, 


and upon reaching midspan reduce the voltage there 
by 


—4ZZ, 
(2R + Z\(2Z + Z) 


From this equation it is clear that, for any value 
of the tower footing resistance R low enough to pre- 
vent excessive insulator flashovers, the reflections 
completely nullify the midspan voltage, or even may 
reverse its polarity. Assuming complete nullifica- 
tion, 2 cases must be considered: (a) When the wave 
front F is greater than the length of span 7, and (b) 
when it is less. These 2 cases are illustrated in 
figure 6. In the first case, F > T, it may be seen 
that the reflections arrive at midspan before the 
initial wave there has reached its crest, and conse- 
quently the net voltage at midspan and the duration 
of this midspan voltage are: 


Nokes ae fee tree 
F e for a time = 3 
However, if # < 7, the midspan voltage is 
ee 
2 


The voltage between the stricken ground wire and 
the line conductor is 


e for a time = 


Zh 
Gy hy el=) =e) (25, ) at 


where 


2 — 
LZyh 


R 
I 


= and t = (F + 1/2) if F > ‘s 


ivandsd = 1h h/2)ii hea 7 


R 
ll 
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In applying the above equation, the surge im- 
pedance Z of the ground wire, as well as the coupling 
factor, should include the effects of corona; for under 
the condition of a midspan strike the voltage on the 
ground wire may be several million volts, say from 
3,000 to 15,000 kilovolts. To take this into account 
properly a cut-and-try solution is necessary. This 
can be avoided, without entailing much error, by 
using the corona corresponding to about 5,000 kilo- 
volts. This has been done in the al curves of figure 
7, the solid-line curves applying to line conductor 
heights of 100 feet above ground and the dashed-line 
curves applying to line conductor heights of 50 
feet above ground. To make some allowance for the 
depression of the current images in the ground, it is 
suggested that the 4 = 100 curves be used in all 
cases. There have been plotted also in figure 7 a 
sheath of lines representing impulse flashover volt- 
ages e; for various spacings s between conductors 
and different time lags ?. 

In the inset of figure 7 the curve of figure 1 has 
been redrawn, and cutting it is a sheath of a lines 
relating current J to al. 

The use of figure 7 is as follows: (a) Compute 
the factor a and time lag t. (b) For a given midspan 
ground wire clearance s find the vertical intersection 
with the appropriate ¢ curve, and interpolate the 
value of al. (c) For the value of aJ and the calcu- 
lated a find the lightning current J from the inset 
curves and hence the per cent lightning flashovers. 
The above process, can be reversed, of course, to 
determine the proper midspan clearance to prevent 
the flashovers exceeding a specified number. 

_ Example.—A line has spans of 750 feet and mid- 
span ground wire clearance of 15 feet. What per- 
centage of midspan flashovers can be expected? 
Assuming a lightning wave-front not greater than 1 
microsecond: there is J = 0.75; F = 1.00; a = 
Offa emo to mas = 15. and sol =54000 (irom 
figure 7). 

The inset curves of figure 7 then give J = 72,000 
amperes and 4 per cent flashovers. Since, on the 
average, only half the total strokes hitting the line 
will strike within a quarterspan of midspan, it 
follows that only 2 per cent of all strokes to the line 
will cause a line flashover out on the span. 

If greater accuracy is desired than is afforded by 
the inset curves of figure 7, it can be obtained by 
dividing al by a to find J and consulting figure 1 for 
the per cent flashovers; but, in view of the assump- 
gens involved, this refinement hardly seems justifi- 
able. 

Suppose, now, that it is required to increase the 
midspan ground wire clearance enough to prevent all 
flashovers on the span for lightning currents up to, 
say, 100,000 amperes. Then 


al = 0.75 X 100,000 = 75,000 


In figure 7 this al curve intersects the ¢ = 1.375 
curve at a midspan clearance of s = 24 feet. 
These results are most enlightening. In the past, 


midspan ground wire clearances of from 30 to 35 
feet on 1,000 foot spans have been advocated to 
prevent midspan flashovers.!*1415 Yet actual lines 
with ground wire clearances much less than this were 


348 


known to operate without undue trouble from mid-. 
span flashovers. From the foregoing example it is: 
clear that these good operating records are to be: 
expected, because only a few per cent of the total] 
strokes are capable of causing a midspan flashover, , 
and yet, to prevent these few flashovers, normal] 
ground wire clearances would have to be doubled.. 


EXPULSION GAPS 


The methods and curves of this paper may be used | 
to estimate the number of operations of expulsion | 
gaps and the effect of their distribution along the: 


Fig. 6. Effect 
of wave front 
and span 
length upon 
shape of surge 
at midspan 


line.'° For example, how many outages per 100 
direct strokes to a line will be experienced under the 
following conditions? 


Wength of Spanisscun ta an ee tae ees Te Ree ee a 400 feet 
Spans betweenvexpulsionsgapse ee ee ae 4 
ATStIAt Ors: a1 noe lee tee ene oth eatin eet eee 8 
Ground resistance at gapped towers.................... 100 ohms 


For a stroke at a gapped structure, the gaps on all 
3 phases will operate for any surge sufficient to cause 
distress to an adjacent unprotected structure. Hence 
the effective resistance is 


1 1 
Ra = ay 
1/R + 1/Zo + 2/Z; 1/100 + 1/400 + 2/250 ie 


The distance from the adjacent unprotected tower 
to the next expulsion gap is 1,200 feet, which is the 
“equivalent span.” Then, consulting figure 5, it 
may be seen that the outages are 70 per cent. 

For a stroke to a line conductor near the unpro- 
tected structure midway between gaps, the effective 
resistance is 154 ohms and the equivalent span is 
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now 800 feet. From figure 5 the outages are shown as 
i 97 per cent. 

. Now assuming that any stroke within a half-span 
; of an expulsion gap is equivalent to a stroke at the 
i gap itself while any stroke further away from a gap 
cis equivalent to a stroke at an unprotected pole 
{ midway between expulsion gaps, it follows that the 
total flashovers will be 


Pi + (n — 1)po 7 se 3 Se Oy 
= = Z = 90 per cent 


» in which 
n spans between expulsion gaps 


pi = percent flashovers for a stroke at a gap 
|p. = per cent flashovers for a stroke midway between gaps 


Thus, expulsion gaps at several span intervals are 
not very effective in reducing the outages. But, if 
gaps are installed on every pole, they provide good 
immunity from outages due to lightning. 
Of course, expulsion gaps cannot prevent all mid- 
_ span flashovers caused by strokes there. In the event 
of a stroke to one conductor at or near midspan, the 
stricken conductor may be regarded as a quasi- 
ground wire, and figure 7 used to compute the mid- 
span flashovers. Thus on a 1,000 foot span and with 
12 feet between conductors, the midspan flashovers, 
by figure 7, are 26 per cent of all strokes within a 
quarterspan of midspan, or 13 per cent of all strokes 
to the line. 


COMPARISON OF DIFFERENT ARRANGEMENTS 


For the purpose of comparing lines with different 
insulation and circuit arrangements, with and with- 
out ground wires, figure 8 has been prepared. These 
data pertain to a 132 kilovolt line having a normal 
insulation of 9 standard disks 10 inches in diameter 
and spaced 5?/, inches apart in the string, 750 foot 
spans, 15 foot midspan ground wire clearance, and 
30 ohms tower footing resistances. The effect of 
coupling, self and mutual surge impedances, suc- 
cessive reflections between towers, magnitude and 
polarity of normal line voltage, and point of contact 
of lightning with the line, all have been taken into 
account in accordance with the considerations pre- 
viously given in this paper. The relative number of 
1, 2, and 3 phase flashovers have been evaluated 
and, in the case of double circuit lines, the flashovers 
on both circuits have been determined. The reader 
should find little difficulty in making a similar study 

of his own particular system; although some of the 

salient conclusions to be drawn from this typical 
example are so definite (and surprising) as to need 
no further elucidation. It may be remarked that 30 
ohms tower footing resistance is rather low for a 
line without ground wires, where no particular 
effort is made to reduce it, and therefore the number 
of 3 phase flashovers here calculated is a lower 
proportion of the total than probably would be 
experienced on lines without ground wires. 

In these calculations a self surge impedance of 
500 ohms, and an average mutual surge impedance 
of 125 ohms have been used. It is hardly worth- 
while to go to greater refinements, although there is 
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nothing to hinder it if the calculator so desires. 

I. Wood Pole Line Without Ground Wire.— 
Lightning of negative polarity is assumed to strike 
phase A, and, assuming flashover to take place along 
the wood crossarm, the first flashover will be to 
whichever other phase has the greatest normal fre- 
quency positive voltage, or, if the other 2 phases are 
alike in this respect, flashover is to that phase having 
the least coupling—in this case phase B is shown 
further away from phase A than from phase C, 
hence B will have slightly less coupling. The surge 
impedance of the stricken conductor A is taken as 
500 ohms, and therefore the equivalent resistance is 
154 ohms. The coupling between A and B is 125/500 
= 0.25. The initial flashover involves insulators A 
and B and the wood cross arms in series. Since 
there will be no reflections from adjacent poles, the 
insulator flashover is taken on the 1.5x40 wave and 
for 2 insulators in series (neglecting the wood), 
there is 1,700 kilovolts. The net surge voltage to 
flash over the insulators (when B is 108 kilovolts 
positive) is 


r é) 108 

Vig te = 1,700 = + (= 54) = = 1,700 = 108 = 1808 
and hence the lightning current necessary to cause a 
flashover is 


— 1,808 


jp = 
154 X (1 — 0.25) 


15,650 amperes 


which corresponds in figure 1 to 77 per cent flash- 
overs. (Had the wooden crossarm been taken as 
equivalent to 1,000 kilovolts it would have required 
24,000 amperes to cause flashover, and only 60 per 
cent of the strokes could cause a flashover.) 

The possibility of a subsequent flashover from A 
and B in parallel to C must next be considered. The 
surge impedance of 2 conductors in parallel is (500 
+ 125)/2 = 312; the coupling factor is now 125/312 
= ().40, and the effective resistance is 

1 1 


R' = = Sus 
1/Zo + 2/Z5 1/400 + 2/312 


The net surge voltage to flash over insulator C is 
4 4 
Vibe ey) =e 80004 Beall 04) == 800s 72 ane 


and hence the lightning current to cause flashover of 
C (provided A and B have already flashed over) 
ist 


e —922 


= aa ee 18500 
113(1 — 0.40) 


which corresponds in figure 1 to 82 per cent flash- 
overs; but, since only 77 per cent of the total strokes 
could have flashed over A and B previously, it fol- 
lows that only 77 per cent of the flashovers actually 
can involve C. 

That a stroke to a line conductor out on the span 
will precipitate an insulator flashover at the nearest 
structure already has been pointed out, therefore 
midspan flashovers need not be considered separately 
in this case. Therefore, the correlation factor for 
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strokes at or near midspan and for strokes at or near 
the pole is unity. 

The calculation for A at zero and —108 kilovolts 
are similarly carried out. It is clear that the princi- 
pal effect of normal frequency voltage is in deter- 
mining the insulators which flashover, but that it 
does not materially change the percentage of flash- 
overs. 

Thus it is seen that on wood pole lines without 
ground wires a large percentage of the total strokes 
cause phase-to-phase flashovers, and practically 
all of these involve all 3 phases. Furthermore, 
the surge is not relieved, but will either flash over 
the pole or travel on to the station where it may 
endanger apparatus. 

II. Steel Tower Line Without Ground Wires.— 
In this case the initial flashover is from the stricken 


GROUND WIRE 


IDSPAN (€s) 


UND WIRE AND LINE CONDUCTOR AT mM 


MEGAVOLTS BETWEEN GRO 


conductor A to the tower of footing resistance R = 
30 ohms. The equivalent resistance is 154 ohm 
prior to the flashover of A. There is no couplin; 
between A and the tower. 

After A has flashed to the tower, the equivalent 
resistance is 25 ohms, and there is a 0.25 coupling 
with the other conductors. The voltage of B or ( 
is subtracted (with proper regard to its polarity 
from the insulator flashover voltage of —850 kilo. 
volt to find the net surge voltage necessary to cause 
flashover of the next phase. When 2 phases already 


have flashed over, the equivalent resistance becomes 
24 ohms and the coupling with the remaining phase is 
0.40. 

alt is evident, in this case of steel tower lines 
without ground wires, that practically all strokes will 
cause at least a phase-to-ground flashover. 
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Fig. 7. Chart for calculating midspan flashovers 
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SURGE K.V. TO INSULATOR MIOSPAN | CORRELA] TOTAL TYPE OF FAULT 
cae nd ke aoeN FLASHOVER | SURGE | Flas | FLASH- 
{SYSTEM eee tore ieee PEDANCER s INSULATORS | CURRENT] ovERS 


s OER OF 
LAR OVER 
(9) INSULATORS A ie 
‘ pk, 3 : - 1700 - 108-1808 
- 850-72=- 922 


~ 1700+94=-1606 
- 850-125=-975 


-1700+108« -1592 
- 850+ 72s- 778 


- 850- 54:- 904 
~ 850- 54=- 904 
- 850- 54=- 904 


woop 


850--. O#- 850 
850+ 94: - 756 
850- 942-944 


650+ 545- 796 
850+ 54*- 796 
~ 850+ 542- 796 


@oOP?r ino Pm 


~1130+108«-j022 54600 
-1130- 54=-1084 | 82300 


“1130- 54-1084 | 103000 


oo Pm 


° 


- 11304 94#-1036 | 55200 
- 11304 0 «-1130 78500 
- 1130- 942-1224 | 106500 


o> 


~ 1130+ 542-1076 | 87400 
- 1130+ 54*-1076 | 74700 
~ 130-108-1238 | 107800 


850° 54=- 904 
850+108«- 742 
850- 542-904 
850- 54=- 904 
850- 0 =- 850 
- 850+ 94-756 
850+ 94=- 756 
850- 0=- 850 
- 850+ 54=- 796 
- B50t 542-796 
‘= 850+ 54=- 796 
- 850+ 542-796 


~1130+1082-1022 | 54600 
-1130- 54-1184 | 62300 
-1130- 542-1184 | 103000 
“1130- 542-1184/125000 
“1130+ 94=-1036) 55200 
-11 30+ 942-1036) 71900 
-1130+ O =-1130} 98300 
-130+ O #-1130/ 119500 
- 1130+ 54=-1076] 57300 
- 1130+ 54=- 1076) 74700 
- 1130+ 542-1076] 93500 
- 1130+ 54=- 1076] 113500 


~1020+108=- 912) 48700 
- 1020- 54=-1074| 74600 
- 1020-—54«- 1074| 93600 
~ 1250+108«- 1142 | ;20500 
1020+ 94- 926) 49400 
- 1020+ 0 =- 1020} 70800 
1020- 94&- 1114) 97000 
12 50+94#- 1156| 122000 
LO020+54=- 966) 51600 
1020+ 54=- 966) 67000 
1020-108-1126| 98100 
1250+ 542-1196/126000 
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Fig. 8. Comparative data covering different insulation and circuit arrangements 


number of 2 phase-to-ground flashovers depends volts, because reflections from adjacent towers 

upon the tower footing resistance, increasing with greatly reduce the duration of the surge. Insulator 

higher footing resistances. flashover kilovolts, as a function of the span length, 
Compared with wood pole lines, it may be seen is taken from the upper part of figure 5. 

that the flashovers involving more than one phase The midspan flashovers are calculated from figure 

are only a third as many; although the total flash- 7, where: 

overs are more. However, there are many systems 


capable of retaining stability on a line-to-ground , ~ 9° _ 9 75 Wee Cr 

fault, but unable to withstand a 2 or 3 line-to-ground 1.000 

fault. For this reason, grounding the hardware may ae 

greatly increase reliability. nee = 1.375 I = 70,000 
WI. Steel Tower Line With Ground Waire.— 7. 

The insulator flashover voltage is now 1,130 kilo- s = 15 Percent = 5 
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The correlation factor is 0.5, that is, half the total 
strokes are charged to midspan. 

Although the tower footing resistance is rather 
high (30 ohms) the ground wire has reduced the 
flashovers to about 7 per cent, with only 2 per cent 
involving 2 phases. Although no 3 phase flashovers 
are calculated, there is a possibility that some of the 
calculated 2 phase flashovers in reality would be 
simultaneous 3 phase flashovers. With higher 
tower footing resistances there will be a greater pro- 
portion of 2 and 3 phase flashovers. 


IV. Double Circuit Line Without Ground Wire.— 
Each circuit is assumed to have 9 insulator units. 
On an average, about 20 per cent of the strokes in- 
volve both circuits. The effect of normal frequency 
polarity in determining a double circuit outage is 
very pronounced. The type of fault is tabulated 
without regard to whether one or both circuits are 
involved. 

V. Double Circuit Line With Ground Wuire.— 
The flashovers are nearly all single phase, although 
involving the same phase of both circuits in a 
quarter of the cases. The midspan flashovers are 
the same as in case III. Better performance could 
be obtained with lower tower footing resistance and 
a higher ground wire clearance. 


VI.: Double Circuit Line With Ground Wire and 
Differential Insulation.—The instantaneous normal 
frequency voltage determines which insulator will 
flashover, other things being equal. McEachron!’ 
has pointed out that if the insulation of one circuit 
exceeds that of the other circuit by an amount equal 
to twice the crest value of the normal frequency 
voltage all 3 phases of the circuit of reduced insula- 
tion are certain to flash over before the other circuit 
becomes involved. Theoretically, an insulation dif- 
ferential greater than 1.73 times normal crest voltage 
should be sufficient, but to allow for differences in 
coupling between the conductors it is advisable to 
allow for an insulation differential of at least 2 times. 
On a 132 kilovolt circuit this requires at least 2 disks 
differential. Accordingly, in this example one circuit 
is assumed insulated with 8 units and the other cir- 
cuit with 10 units, the total number of insulators 
being the same as in case V. The total flashovers 
exceed those in case V, but the differential insulation 
has restricted them to one circuit. 

This scheme of differential insulation has been 
used by the Pennsylvania Water and Power Com- 
pany, and also in connection with the application of 
expulsion gaps’ to 1 of 2 circuits on the same tower. 
Expulsion gaps must be used in combination with a 
ground wire in such an application, and of course 
some outages may occur on the unprotected circuit 
due to midspan flashovers, unless the unprotected 
circuit has greater midspan clearance with respect 
to the ground wire than the protected circuit. 

It has not previously been pointed out that the 
dominating influence in preventing the spread of 
flashovers to the more highly insulated circuit is the 
great increase in the coupling, as additional con- 
ductors become involved. It is clear that a small re- 
duction in tower footing resistance would make 
differential insulation unnecessary. 
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FREQUENCY WITH WHICH 
A LinE Is STRUCK BY LIGHTNING 


This study has been restricted to determining; 
the number of flashovers as a percentage of the num- 
ber of times that the line is struck by lightning. No: 
attempt has been made to predict the actual number 
of strokes to the line. Estimates based upon storm: 
severity charts appear to be not very conclusive: 
because local topography, storm routes, and line: 
exposure are so difficult to evaluate. It is believed! 
that the best procedure is to compute the percentage: 
of outages by the methods of this paper, and then, 
by comparing with the operating record of that line, 
to determine the number of times that the line was 
hit. For example, suppose that a new line is con 
templated and it is desired to know how many times 
it will be hit. If there is an existing line in the same 
territory, and if this line is known to suffer an 
average of 1.2 flashovers per circuit mile per year, 
and the calculated flashovers are 14 per cent the 
number of hits per circuit mile per year is 1.2/0.14 = 
8:0. 


Appendix |—Line Parameters 


The self surge impedance for a single conductor, 
taking into account corona and ground currents, is 
given by:> 


2H 2h 

6, = (a0) 4) Wiloyeys (| ==) lores || = (1) 
R r 

where 

H = height of conductor above ground 

2h = distance between conductor and its current image in the 

ground 
R corona radius around the conductor 


r radius of the metallic conductor 


It will be sufficient to take® 
h= H+ 40 


because the maximum crest values of the surge 
generally occur within the first microsecond or so. 


If h = HA (zero resistance: ground) and R'= #7 
(no corona), equation 1 reduces to the familiar 
form‘ 

2H 
Za OUNOge () (2) 


The corona radius R (in inches) depends upon 
the voltage, and is found from the equation’ 


fs 2H 
(Kv) = 76Rloge R (3) 


The mutual surge impedance is given by° 
/ A 
Z' = 60 Yo: (=) loge (4) (4) 


distance between wires 
distance from one wire to current image of the other 
distance from one wire to voltage image of the other 
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The coupling factor is defined as? 


.. (voltage induced on an adjacent wire) Jie 


es (5) 


(voltage of the main surge) Vd, 


The surge impedance of ” conductors in parallel is? 


Peet (= 1)Z! 
n 


Zn (6) 


where Z is the average self impedance, and Z’ the 
average mutual impedance of the wires. The mutual 
impedance Z’ of m conductors with respect to an 
adjacent conductor is the average of the mutual 
impedances of each conductor of the group with 
the adjacent conductor,’ and therefore the coupling 
factor is 
Vie 

“a Z, (7) 
Thus when a flashover between conductors 
parallels their impedances, the net surge impedance 
decreases while the coupling increases. 


Appendix II— 
Effect of Normal Frequency Polarity 


Referring to figure 3A, there is illustrated a 
lightning stroke of surge impedance Z) contacting 
a line conductor of surge impedance Z, and instan- 
taneous normal frequency voltage e,. This voltage 
é; is the equivalent of a pair of oppositely moving 
traveling waves e,/2. When the stroke makes con- 
tact with the line conductor these waves e,/2 im- 
pinge on Z, from both sides, and the resulting voltage 
therefore is 


eZ) eb 
ot Zi/2) 2 


and the normal frequency voltage of the stricken 
conductor number 1 with respect to number 2 
is 


2Zy ey 
ea a ee 8 
oy AN id ae 2) 


eh a ee (9) 


é = 
2 


Now, if the lightning has contacted 2 conductors 
as indicated in figure 35, the analysis is quite 
similar, except that the surge impedance is for 2 
conductors in parallel (number 1 and number 2) 
and the equalized normal frequency voltage on the 
stricken conductors becomes 


2Z, a+ 2) ea Zo(€1 + @2) t —Zoes one es (10) 
Zo + 22/2 4 22) + Z, 275 4-2. 3 


and the normal frequency voltage of the stricken pair 
with respect to conductor number 3 is 


&3 a 4 


Be ee ae 
3 


3 


(11) 


If 3 conductors are contacted, the normal fre- 
quency voltage cancels, because on a balanced 3 phase 
circuit 
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ate+te = 0 


If the lightning contacts a ground wire, or tower, 
the voltage with respect to a line conductor of in- 
stantaneous voltage e is simply —e. 

If 1 or 2 line conductors flash over to a tower, the 
surge impedance Zp of the stroke used in equations 
8 and 10 is replaced by 


1 


pieoa re Paice YS, (12) 
1/Z) + 1/R + 2/Z, 
where 


R 
Ze 


tower footing resistance 
surge impedance of the ground wires 


| 


Ordinarily, the tower footing resistance is small 
enough so that for all practical purposes the normal 
frequency voltage vanishes. 


Appendix I[II— 
Lightning Current to Cause Flashover 


If the lightning voltage of the free traveling wave 
coming down the stroke is é and if J is the current 
which this stroke would discharge into a zero re- 
sistance ground, then 
1 


9 (13) 


& = Zl 
and therefore the surge voltage appearing on the 


stricken conductors is 


22m 
7) 
Zn + 2Zo 


* DySh 
~ Zn + 2Zo 


(14) 


where Z, is the surge impedance of all contacted 
conductors in parallel, the subscript » designating 
the number of conductors involved. 

The total voltage between the stricken group of 
conductors and an adjacent clear conductor is 


V = KE(1 — Fy) +e (15) 


where F,, is the coupling factor defined in appendix 
I and e is the normal frequency voltage defined in 
appendix II. Therefore, if V is the net voltage 
necessary to flash over the insulators, the surge 
must reach a value 


ae 
(lL. = Fy) 


E (16) 
or, by equation 14, the lightning current necessary to 
cause a flashover, based upon a zero resistance 
ground, must be 


p* 1 e 2 n= 2) 
sy Zo Zn (1 =e, 2) 
If, however, the stroke is to a tower, the tower 

footing resistance RK is in parallel with the surge 


impedance Z,/2 of the conductors involved, and 
equation 17 becomes 


Fike © eee -) @=2 
4 Zo Da Ri) Cia) 


Thus, in any case, the lightning current necessary 


(17) 


(18) 
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to cause insulator flashover is given by an equation 
of the form 


Veen) 
RL — Fy) 


where R’ is an equivalent resistance, taking into 
account the impedances of the lightning stroke, 
tower footing resistance, and connected conductors; 
and which has the effect of reducing the calculated 
lightning current to that which the stroke could 
deliver to a zero resistance ground. 


(19) 
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A method of computing the torque de- 
veloped in a bipolar induction watt-hour 
meter, based upon the actual eddy cur- 
rent distribution in the disk, is presented 
herewith. A comparison between meas- 
ured and computed torque for a model 
meter is included. 
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I. ORDER to compute the torque of 
an induction watt-hour meter, the magnitude and 
direction of the currents induced in the moving 
element must be known. It usually is assumed 
that these currents flow around the inducing pole 
in a series of concentric rings. This assumption is 
valid when the center of the pole coincides with the 
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center of the disk, but not when the pole is located 
eccentrically with respect to the disk axis. The 
object of this paper is to investigate the path of the 
eddy currents induced in a disk, and to develop 
a torque formula based upon the actual current dis- 
tribution. 


CURRENT DISTRIBUTION 


Consider a pair of equal “‘point”’ alternating mag- 
netic fields 180 degrees out of phase with each other, 
normal to an infinite conducting sheet. It can be 
shown (see appendix) that the path of the currents 
induced in the sheet is a series of circles, as shown in 
figure 1, and that the relation between 


Ss the half distance between poles 
ry = the radius of any flow circle 
e = the eccentricity of the center of that circle 


ll 


is given by 


ieee 


aes 2e (1) 


ONE SPY (2) 


It should be noted that s is the parameter defining 
an entire family of current flow circles, and that if 7 
and e are known for any one circle, the entire series 
can be described. 


A paper recommended for publication by the A.I.E.E. committee on instru- 
ments and measurements. Manuscript submitted July 1, 1935; released for 
publication Dec. 16, 1935. 


The experimental work in connection with this paper was done in the electrical 
laboratories of the University of British Columbia, Vancouver. 
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Consider a single alternating point magnetic field 
located eccentrically with respect to the center of a 
conducting disk. Then the boundary of the disk 
defines one flow circle and by means of equation 1 
the entire series can be drawn. In order to facilitate 
the drawing of flow circles through a given point, the 
following graphical method is useful: Refer to figure 
2, which is the plan of a disk with its 2 driving 
magnets. Measure é and 7, calculate s by equation 
1, and draw CD. In order to draw a flow circle 
through the point y, proceed as follows: With 
centers x and y, draw arcs intersecting at m and n; 
project mn to intersect CD at p; draw yt at right 
angles to yp. Then ¢ is the center of the flow circle 
through y. 

The equipotential lines are the orthogonal trajec- 
tories of the flow circles, and can be shown to be a 
series of circles having their centers on the line CD 
and passing through the center of the pole. 

The preceding work was based upon the use of 
point poles. These point poles do not coincide with 
the geometrical center of poles of finite dimensions. 


current induced 
in an infinite con- 
ducting sheet by 
a pair of equal 
“point” alternat- 
ing magnetic 
fields 180 de- 
grees out of phase 

with each other 


| Fig. 1. Paths of 


-S e 


Fig. 2. Plan of 
watt-hour meter 
disk showing 


methods of draw- 
ing eddy current 
flow circles 


Refer to figure 5. The center of the actual pole is 
at K, and 7, is the radius of a circular pole of equal 
atea. The point pole, equivalent to the actual 
pole, is located at 7, at a distance x from K. It can 
be shown (see appendix) that 


Ge =F = GE) = Nae ity = Ge = Garey 
2e 


x = 


‘Then 


ro? — (& + x)? 
Sem +-) o 


In order to obtain some experimental check on the 
preceding work, a shallow circular trough of mercury 
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was set up together with an a-c magnet as shown in 
figure 3. Two pointed electrodes made contact with 
the mercury and were connected by shielded leads 
to a tuned vibration galvanometer, provision being 
made for moving these contacts and plotting their 
positions. A plot of the equipotential lines obtained 
with this apparatus is given in figure 4. The.theo- 
retical equipotential curves are drawn in full, while 
the experimental points are shown by small circles. 


CALCULATION OF TORQUE 


The preceding work indicates the path of the in- 
duced currents. The next step is to develop torque 
relations based upon this current distribution. Let 


f = supply frequency 
ga = effective flux in gap of magnet a 
¢> = effective flux in gap of magnet b 
6 = phase angle between ¢a and ¢b 
Ry = equivalent resistance of eddy current path under pole } 
Xp = equivalent reactance of eddy current path under pole } 
A = area of each pole allowing for flux fringing 
L = length of current path under pole b 
P = mean radius of action 
(All dimensions are in centimeters.) 
The torque = : Ge Bite SK e xX LP sing xX 10% 


x 
X> i Rp dyne-cm 
ae & : 

At commercial frequencies (X/R)? is small, and 
the first factor in the right-hand member can be 
neglected. It is necessary to find R:,, P, and L. 
A plan of the disk aiid its driving magnets is drawn to 
scale in figure 5. 

Measure é@ and 7) and calculate s from equation 3; 
draw CD. By means of the construction illustrated 
in figure 2, draw several flow lines across the pole 
face, dividing it into 7 or 8 zones. It may be noted 
that the current density, direction of flow, and 
length of path under the pole varies in each zone, 
and it is necessary to compute the torque due to 
each zone separately. 


CALCULATION OF ZONE RESISTANCE R 


Consider zone abcd in figure 5. Let 


radius of arc ab 
radius of are cd 


= 
ol 


Fig. 3. Apparatus for determining paths of eddy 
currents produced in a shallow circular trough of 
mercury by an a-c magnet 
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é: = eccentricity of are ab (calculated from equation 2) 

é. = eccentricity of arc cd (calculated from equation 2) 

s = distance between point pole and line CD 

t = thickness of disk 

p = resistivity of disk in microhms per centimeter cube 
(All dimensions are in centimeters.) 


The resistance of the eddy current path through the 
zone is given (see appendix) by: 


ji) gala d microhms 
2.308 2s > 
1 Tia Ct 
O$10 Qs 
— 1 
19-79 


CALCULATION OF Rapius OF ACTION, P 


With center g, draw the flow circle mn through the 
middle of the zone and bisect mn at p. Then fq is 
the line of action of the force developed by the zone, 
and the radius of action is uv. 


CALCULATION OF MEAN LENGTH OF PaTHu, L 


The component of force developed by the zone 
along the line of action pq is proportional to: 


2 73 da cos a = 2r3;sina = mn = L 
0 

In order to check the preceding theory, an alumi- 
num disk, mounted on a vertical axis in jewel bear- 
ings, was fitted with a calibrated torsion head, as 


Fig. 4. Equi- 
potential _lines 
obtained with ap- 
paratus shown 
in figure 3 
Ro = 4.5 inches 


e = 9.1 inches 
$s = 3.77 inches 


shown in figure 6. The torque developed by the 
disk under the influence of 2 magnets connected to a 
2 phase supply was measured. The magnitude 
and phase angle of the flux in the air gap of each 
magnet was measured by means of search coils 
wound on the pole tips and connected to an a-c 
potentiometer. The results obtained with this 
apparatus are given in table I. In each case the 
calculated torque is less than the measured torque, 
the error increasing as the pole angles increase, and 
as the poles approach the disk edge. 

The torque was computed on the basis that the 
current paths are determined solely by resistance, 
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and the experimental check was made using a mer- 
cury disk. The torque tests were made on a disk of 
aluminum having a specific resistivity about 3 per 
cent of the value for mercury. This means that 
any deviation from the theoretical flow lines caused 
by self and mutual inductance of the current fila- 
ments would be greatly magnified in the aluminum 
disk. Inasmuch as the major part of the zone re- 
sistance is concentrated in the section between the 
pole and the disk edge, any slight deviation from 
the theoretical paths in this section would have a 
great influence on the magnitude of current flow, 
and hence on the torque. 

In test 6, the width of the entire current path under 
the pole is about 25 millimeters. This path at the 
constricted section is reduced to approximately 0.1 
millimeter. The ratio 25 to 0.1 is a rough measure 
of the extent to which the resistance is concentrated 
in the constricted section and is a function of both 
pole angle and edge distance, decreasing as the pole 
angle decreases and as the poles recede from the 
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Fig. 5. Plan of 
watt-hour meter 
disk and its driv- 
ing magnets, il- 
lustrating method 
of computing 
torques 
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edge of the disk. Hence, it is probable that the 
error in the calculated torque is ascribable to slight 
deviations from the theoretical paths caused by self 
and mutual induction of the current filaments. 

Further work should be done in determining the 
current paths in a disk of low resistance material, 
particularly in the constricted section. 


Appendix 
Eppy CURRENT PaTH 


Consider an alternating magnetic point field normal to an infinite 
sheet of conducting material of resistivity p and thickness ft. Then 
the resistance of an annular ring of outer radius 72 and inner radius 
1) is 


2 1 
wile 


Yr. 

loge - 

" 
Next consider a pair of such fields 180 degrees out of phase with 
each other asin figure 7. Let P move in the direction of the resultant 
field and let F be on the locus of P. The co-ordinates of P are x and 
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Table |—Comparison of Measured and Computed Torques Fig. 7. Diagram 
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Fig. 8. Diagram 
illustrating 
method of cal- 
culating zone re- 
sistance 


Further, 
€é=x-s 
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Fig. 6. Model meter disk and driving magnets used 


to check computed and measured torque es maa 
Therefore, 
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ZONE RESISTANCE 


The current in the zone HC in figure 8 can be found by adding 
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CALCULATION OF X 
Refer to figure 5. For all circles, 
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e = (€é) + x) 


s = 


Therefore, 
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from which 
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The Influence of James Watt 
on the Central Station Industry 


By 
GEORGE A. ORROK 
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WITH the conception and installation Of the Pearl 
Street station in September 1882 in New York, 
the electric light and power industry became a fact, 
and from such small beginnings a mighty industry 
has developed. A few weeks later the Appleton, 
Wisconsin, plant was started. The Appleton genera- 
tors were driven by a waterwheel, and its successors 
using the same prime mover dominate about a third 
of the central station industry. But Mr. Edison with 
a conception of a universal system of light and 
power supply saw with clear vision the possibilities 
of the steam engine as a prime mover, and located 
his generating stations as nearly as possible in the 
center of distribution. ..independent of weather 
or rainfall or the presence of flowing water, he chose 
and adopted for his purposes the steam engine which 
Newcomen had invented and James Watt had per- 
fected and adapted to the transmission of power 
through a rotating shaft. 

This prime mover which Watt at the beginning of 
the nineteenth century had left practically complete 
(the only major improvement since that time being 
the Corliss valve), held sway for a full century as the 
only independent source of power that could be 
located anywhere, and it was on Watt’s inventions 
that the central station industry was built up and 
spread to the uttermost ends of the earth. 


An address delivered at a joint meeting of the Franklin Institute, the Newcomen 
Society, and the American Society of Mechanical Engineers held in Philadelphia, 
Pa., January 21, 1936, upon the occasion of the observance of the 200th anni- 
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One of the 6 major inventions or discoveries of 
Watt was a knowledge of the expansive force of 
steam. The application of this principle made the 
steam engine an economical source of power, and, 
as the years rolled by, this principle became the base 
of a system of power generation which has replaced 
to a large extent Watt’s reciprocating engine by 
a fluid velocity engine, the steam turbine. The 35 
years of this century have seen the development of 
this new prime mover to enormous size, 225,000 of 
Watt’s horsepowers in a single unit, and to a volume 
exceeding 150,000,000 horsepower. This develop- 
ment may be partly attributed to Watt who made 
clear to all men the principle of the expansive force of 
steam. 

Watt’s career was based on experimentation. 
What he did not know he immediately tried, working 
continuously from failure to success, and Edison and 
the Central Station Industry have built their suc- 
cesses on the same principle. From its earliest be- 
ginnings the central station industry has never been 
content to take things as they are; witness Edison 
in 1881 starting Wheeler on a model of his distribu- 
tion system to find out what actually was needed in 
copper, thus doing what Watt did with his steam 
jacket and separate condenser. From this model 
Edison gained facts which, leading to further ex- 
perimentation, gave him the idea of the 3 wire sys- 
tem which saved 65 per cent of the copper investment 
in distribution systems. Edison hunted for a means 
to measure the electric current, so he gave us the 
chemical meter, and other inventors followed with 
the indicating and recording instruments, again 
using Watt’s lead in finding a measure for power and 
producing the engine indicator. Only a day or two 
ago, the air was full of a report by President Comp- 
ton of the Massachusetts Institute of Technology on 
a National Research Problem similar to Watt’s 
work from 1765 to 1785 on his prime mover. We 
perhaps do not consciously look back to the Glas- 
gow University instrument maker, but the whole 
central station industry is emulating his example and 
applying experimental knowledge to the improve- 
ment in every possible way of central station service. 

Playfair, a contemporary of Watt, is quoted by 
Stuart more than 100 years ago as follows: 

“It would be difficult to estimate the value of the 
benefits which these inventions have conferred upon 
the country. There is no branch of industry that 
has not been indebted to them, and in most all the 
material they have not only widened most mag- 
nificently the field of its exertion, but multiplied a 
thousand fold the amount of its productions. ... It 
has armed the feeble hand of man, in short, with a 
power to which no limits can be assigned, completed 
the dominion of mind over matter, and laid a sure 
foundation for all those future miracles of mechanic 
power which are to aid and reward the labor of 
after generations.” 

... two hundred years after the birth of James 
Watt and 100 years after this appreciation of Watt’s 
solution of the power problem, (we) may wonder at 
the clear vision, the breadth of view, which could 
prophesy so truly the triumphs of our power civiliza- 
tion. 
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Impedance Measurements» 
on Underground Cables 


To eliminate uncertainties arising from as- 
sumed constants involved in the calculation 
of sequence impedances, field measure- 
ments of 60 cycle positive and zero se- 
quence impedances of 2 sizes of 3-conduc- 
tor underground power cable were made on 
the 27 kv system of a large eastern metro- 
politan company; the results are reported 
in this paper. While the principal results 
are applicable only to the particular system 
involved, they show that without the sup- 
port of the experimental data the calcula- 
tion of zero sequence impedance of feeder 
circuits in a system of this kind can be at 
best only roughly approximate. 


I. A metropolitan transmission system 
where high voltage underground cable is used 
extensively, the calculation of fault currents that can 
exist for the various possible conditions of short 
circuit is an important phase of protective relay 
practice. Fault calculations involving balanced 3- 
phase currents are comparatively simple, and, since 
the circuit constants usually are known with a fair 
degree of accuracy, reliable results readily may be 
obtained. For unbalanced faults, however, the calcu- 
lations are more complex. If a grounded neutral is 
involved, the presence of a ground return in the cir- 
cuit requires additional circuit information—zero 
sequence impedance—which for power cable circuits 
usually is difficult to compute. In an effort to elimi- 
nate the uncertainty from the assumed constants 
involved in the calculation of zero sequence im- 
pedances by obtaining actual impedance data on 
its transmission cables, the Brooklyn Edison Com- 
pany made a series of tests on its 27 kv underground 
system. It is with the impedance measurements 
made during these tests that this paper is concerned. 


DESCRIPTION OF UNDERGROUND SYSTEM 


The Brooklyn Edison Company’s 27-kv 60-cycle 
transmission system is entirely underground and 
comprises approximately 650 miles of cable,’ of 
which more than 75 per cent is of the 3-conductor 
shielded type. The transmission cables, besidesfeeding 
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substations and serving as generating station inter- 
connections, feed the many transformers of the net- 
works? which comprise the main method of secondary 
distribution throughout Brooklyn’s 80 square mile 
area. At Hudson Avenue station’ the generator and 
autotransformer neutrals are connected solidly to 
the station ground bus, which is bonded to water 
mains in the vicinity. Throughout the under- 
ground plant, all cable sheaths are bonded together 
at each manhole, to metal supports, and to the 
bare neutral conductor in areas having underground 
distribution. It is the company’s practice to ground 
the neutral conductor to a water pipe at each service. 


SELECTION OF FEEDERS FOR TEST 


Application of the method of symmetrical com- 
ponents* to the caiculation of system faults was 
limited in its accuracy, as previously noted, by the 
lack of accurate zero sequence impedance data. 
Five feeders therefore were selected according to 
cable type and location so that experimental data 
might be obtained to indicate the variation in the 
zero sequence impedance of a given cable type with 
changes in the character of the ground return path 
and with changes in current magnitude. It was 
desired also to determine the positive sequence im- 
pedance of the 2 sizes (850,000 and 500,000 circular 
mils) of 3-conductor shielded cable most commonly 
used on the system. Figure 1 shows the routes of the 
feeders selected for test. The short circuit and 
ground points, designated in the figure by X, were 
established by closing the network transformer 
grounding switches, except in the 2 cases where feeders 
were grounded in substations. 


Test PROCEDURE 


Sources of supply were made available at Hudson 
Avenue station, where the use of the feeder test 
busses and associated equipment afforded a con- 
venient connection to the feeders leaving the station. 
Since virtually all of each cable under observation 
had steel binding tape, it was necessary to provide 
sufficient generator capacity to measure the zero 
sequence impedance at currents of approximately 
200 amperes per conductor, preliminary calculations 
having indicated that at low currents complete 
saturation of the magnetic tape would not have been 
obtained. Two 60-cycle generators were available: 
one, a delta-connected 2,300-volt 6,000-kva machine; 
the other, a 5-kva star-connected 120-volt generator. 
Positive sequence impedances were measured at 
approximately 250 amperes per phase. Phase differ- 
ences between the voltages and currents were deter- 
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mined through the use of an a-c potentiometer? 
which afforded voltage and current readings to within 
1 per cent, and phase differences to within 0.5 degree. 
Figure 2 is a schematic diagram of the test connec- 
tions for the measurement of zero sequence 1m- 
pedance. 


TEST RESULTS 


For graphical presentation, the results obtained on 
feeder 25-99-11 (figure 3) have been selected as 
typical of the 4 feeders made up of the 350,000 
circular mil cable. As shown in figure 1, feeder 
25-99-11 extends some 3 miles from Hudson Avenue 
to a point where it separates into 2 branches. The 
feeder length from Hudson Avenue to the end of the 
east branch is 36,800 feet, and to the end of the 
south branch, 31,000 feet. Except for 450 feet of 
500,000 circular mil cable in test length 7, the feeder 
consists of 350,000-circular mil 3-conductor shielded 
cable, with 350 mils of paper insulation per conductor, 
and a lead sheath 140 mils thick. The outside diame- 
ter of the cable is approximately 3 inches. The 
conductors are sector shaped, and the binding tapes 
are of steel. The average length of cable between 
manholes, wherein oil filled joints are located, is 200 
feet. 


To avoid repeated use of the lengthy phrases by which the various 
quantities under discussion are known, the following symbols have 
been used in the remainder of the paper, where convenient: 


1, %1, Z—positive sequence resistance, reactance, and impedance, 
respectively, per phase per unit length of circuit 


Yo, Xo, 20>—zero sequence resistance, reactance, and impedance, re- 
spectively, per phase per unit length of circuit 


Ts, %s, Zs—“‘internal’’ self-resistance, reactance, and impedance, 
respectively, per phase per unit length of circuit, of a cable’s 3 con- 
ductors in parallel measured at the outer surface of the cable sheath 
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Fig. 1. Outline map of Brooklyn, showing loca- 
tions of 27 kv transmission feeders selected for test 


For the representation of total quantities, as 
distinguished from quantities per unit length, the 
lower case letters in the foregoing notation have 
been replaced by capitals: 


Re, Xe, Ze—total “external” resistance, reactance, and impedance, 
respectively, of a ground-return feeder circuit in which the cable’s 
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3 conductors are in parallel. For a given circuit length Ze = 


1/3(Z) — Zs) 


The average value of z, at 60 cycles for feeder 
25-99-11, as obtained from the slopes of the Rk, and 
X, curves in figure 3, was 0.0334 + 7 0.0402 ohm per 
phase per 1,000 feet (corrected to 25 degrees centi- 
grade). The average values of Ry and Xo proved to 
be approximately 41/, and 31/, times the respective 
positive sequence components for this particular 
feeder. The zero sequence curves also clearly indi- 
cate the branch point of the feeder, since the values 
of the components for each branch are slightly dif- 
ferent. The resistance curves approximate straight 
lines, with the east branch having the higher value 
of 7%. This condition probably corresponds to the 
fact that the east branch lies in an area where the 
duct bank occupancy is not very great, and the 
ground return path contains fewer metallic conduc- 
tors in parallel with the feeder’s own sheath, although 
the percentage difference in unit resistance of the 2 
branches is not as great as the percentage difference 
in effective cross section of the metallic conductors 
in their respective return paths. Conversely, the 
zero sequence reactance of the east branch is the 
lower. Although the values of x» for both branches 
increase slightly with circuit length from Hudson 
Avenue, there is some indication that for circuit 
lengths beyond 30,000 feet the reactance curves 
would tend to straighten out. 
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Fig. 2. Diagram of connections at Hudson Avenue 
station for zero sequence impedance measurements 


To demonstrate the magnetic effect of the cable’s 
steel binding tape on the impedance of this size and 
type of cable, measurements of z; and z) were made 
on the full length (46,800 feet) of feeder 25-99-03 at 
various current values. These results are shown in 
figure 4; it may be noted that the positive sequence 
components were practically unaffected by changes 
in current magnitude. For this feeder, z; at 240 
amperes per phase was found to be 0.0334 + 70.0412 
ohm per phase per 1,000 feet (corrected to 25 de- 
grees centigrade). This value is in substantial agree- 
ment with the one obtained for feeder 25-99-11. 

The effect produced on the zero sequence imped- 
ance characteristics by the presence of the steel 
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tape is pronounced; it is evident that in the calcula- 
tion of circuits involving cable of this type, saturation 
of the steel may be assumed only when the total 
ground current is in excess of about 600 amperes. 
It may be noted that the curves of 7) and x lack test 
points in the range between 25 and 75 amperes per 
conductor. The shapes of the respective curves to be 
drawn through this current range to complete the 
characteristic indicated by the 5 test points, were 
determined by means of auxiliary data secured in the 
“Sah laboratory on a 45 foot length of a similar 
cable. 

The laboratory test on the 45 foot sample of 
350,000-circular mil 3-conductor shielded cable con- 
sisted in determining the cable’s ‘internal’ impe- 
dance characteristic under 60 cycle current loading. 
In this test, the use of a fine insulated wire along the 
surface of the sheath permitted the determination of 
the “‘internal’’ self-impedance® (z,) of the 3 paralleled 
conductors measured at the outer surface of the 
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Fig. 3. 


Impedance measurements at 60 cycles on 


feeder 25-99-11 


Average conductor temperature (calculated) during measure- 
ments of Ri and X; was 25 degrees centigrade 


Values of Z) were measured at average current of 190 amperes 
per conductor; Z, at average current of 240 amperes per 
conductor 


cable sheath; this quantity included the only part 
of the total impedance variable with current, in a 
circuit composed of 3 paralleled cable conductors 
with ground return and with the sheath grounded 
at the ends through zero resistance. The results of 
these ‘‘internal’’ impedance measurements are shown 
as fine-line curves in figure 4. It was noted that the 
addition of approximately fixed quantities to the 
respective ‘“‘internal’’ impedance components (7; 
and x,) produced 2 similarly shaped curves which 
would include the series of 5 points plotted from the 
field test data. These new curves were accepted as 
the 7 and x) components of the zero sequence 
impedance of the feeder for the particular circuit 
length under investigation, and the nearly constant 
differences between these curves and the curves of 
r, and x, were regarded as resistance and reactance 
components of the impedance to zero sequence cur- 
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rent of that part of the feeder circuit external to the 
cable. For convenience of presentation, these latter 
quantities, which are independent of the current, were 
divided by 3, and the values resulting from this 
division were designated arbitrarily as the resistance 
and reactance components of the feeder circuit’s 
“external” impedance Z,. 

Feeder 8351 (figure 1) also was tested with varying 
current, and the impedance characteristics obtained 
are shown in figure 5. This feeder is 5,300 feet long 
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Fig. 4. Impedance measurements at 60 cycles on 
46,800 foot length of feeder 25-99-03 (test lengths 
1+2+3+4+ 5) 


Average conductor temperature (calculated) during measure- 
ments of mn and x, was 22.5 degrees centigrade 


and consists entirely of 500,000-circular mil 3-con- 
ductor shielded cable, 60 per cent of which is a 
submarine section having an internal construction 
similar to that of the underground section, but having 
an armor over the lead sheath of galvanized steel 
wire embedded in jute. The 7) and xo characteristics 
are similar to those obtained for the 350,000-cir- 
cular mil 3-conductor underground cable, but the 
presence of the additional magnetic material of the 
armor wire greatly increased the current range over 
which the impedance varied. Since the current limit 
of the feeder test bus was reached during the test on 
this feeder before saturation of the steel tape and 
submarine armoring could be attained, the value of 
Zo picked for use in calculations involving this feeder 
length had to be obtained by extrapolation. 

For the underground length of 500,000-circular 
mil 3-conductor shielded cable, which has paper 
insulation averaging 310 mils in thickness per con- 
ductor and a lead sheath 130 mils thick, the calcu- 
lated value of z; was 0.0242 + 7 0.0365 ohm per phase 
per 1,000 feet (corrected to 25 degrees centigrade). 

Against the one value of z for the 500,000 
circular mil underground cable, there were twelve 
observations for the 350,000 circular mil size. 
Although the several feeder lengths contained varying 
amounts of the type of cable under survey, there were 
12 test lengths (3,5,6,7,8, 9, 10, 11, 12, 15, 16, and 17), 
comprising a total of 109,000 feet, that were made 
up entirely (or within 4 per cent) of the smaller-sized 
shielded cable. The average of their positive 
sequence impedances was 0).0334 + 70.0410 ohm per 
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phase per 1,000 feet (corrected to 25 degrees centi- 
grade). The basis for correcting the average 7 to 
the standard temperature was established during the 
laboratory work on the 45 foot sample, for which the 
ratio of a-c to d-c resistance at 25 degrees centigrade 
was found to be 1.071. A review of these positive 
sequence impedance data indicates general agreement 
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Fig. 5. Impedance measurements at 60 cycles on 
5,300 foot length of feeder 8351 (test length 13); 
submarine section included 


Average conductor temperature (calculated) during measure- 
ments of rm and x, was 19.5 degrees centigrade 


with previous work of this kind except for the react- 
ances, which are approximately 10 per cent lower 
than those obtained by Salter, Shanklin, and Wise- 
man’ for similar types of cable during their investi- 
gations on 15 to 20 foot laboratory samples of new 
cables. 

The variation in Z) with circuit length from the 
generating station for feeders consisting of a given 
type of cable is shown by figure 6, where the ratios 
Ro/R; and X,/X, have been plotted. The data for 
these curves were taken from the measurements on 
feeders 25-99-03 and 25-99-11, which consist of 
350,000-circular mil 3-conductor cable. The react- 
ance ratio varied from 2.8 at a circuit length of 
7,800 feet to 3.9 at 47,000 feet, whereas the resist- 
ance ratio varied between such close limits as to be 
considered constant from a practical standpoint. 
Similar data on feeders 27-99-08 and 9,950 (test 
lengths 14, 15, and 16) were illustrative of the same 
effects, but the data have not been included in figure 
6 since the large percentage of smaller sized cable 
in test length 14 renders the resistance ratios impos- 
sible of direct comparison with those for feeders 
25-99-03 and 25-99-11. The reactance ratios, how- 
ever, would fall well into line with the points on 
figure 6, since they are not affected much by differ- 
ences in conductor size so long as the relative spac- 
ings undergo no great changes. 

Since in the usual methods for computing zero 
sequence impedance the cable is assumed to be of 
such length that the end effects are negligible, the 
reactance as well as the resistance component may 
be treated as a linear function of circuit length. The 
experimental data presented in figure 6 indicate that 
for average underground transmission conditions as 
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they exist in rooklyn, Xo cannot be so computed 
unless the circuit length is more than 40,000 feet. 
In the range of circuit lengths between 0 and 40,000 
feet, the variation of X» with length appears to be 
exponential in character. 

The following tabulation illustrates in another way 
the effect of location (distance from generating 
station) on zero sequence impedance: 


tro + j Xo 


+ jx 
Ohm per Phase 


Test Ohm per Phase 


Length per 1,000 Feet per 1,000 Feet 
Uinta watasene erccetelete 0.0330! = 7 00420. 25. 2a na. 20108 4S 7OUI27 
Dis. savaysrecatclareishec ate 05038384--F 7 O0416. 20. canoe 1) (OL 152 7 Odi val 


These 2 sections, though parts of different feeders, 
are composed of the same size and type of cable, and 
their respective values of 7, as well as their values of 
2, were shown to be virtually identical. Their zero 
sequence reactances, however, were quite different. 
The value of x» for section 5, which is approximately 
6 miles farther distant from Hudson Avenue station 
than test length 7, was 35 per cent greater. 

The ‘“‘external”’ impedances (R, + 7 X.), presented 
graphically in figure 7, were calculated in accordance 
with the arbitrary definition given in the discussion 
of the ‘‘internal’’ impedance (fine line) curves shown 
in figure 4. These calculations had to be confined 
to the feeders consisting wholly, or nearly so, of 
350,000-circular mil 3-conductor shielded cable, 
since “‘internal’”’ s_lf-impedance data were available 
only for that type. The results reveal several im- 
portant characteristics of the feeder circuits en- 


fo) 10 20 5530 ) 
CIRCUIT LENGTH FROM HUDSON AVE.— THOUSANDS OF FEET 


Fig. 6. Relation between Ro/Ri, or Xo/X:, and 
circuit length from generating station for feeders 
composed of the same type of cable 


Cable description: 350,000 circular mils; 3 sector conduc- 
tors; shielded; steel binding tape; 350 mils paper insula- 
tion; 140 mils lead sheath; 2,950 mils outside diameter 


countered during the zero sequence impedance tests. 
In spite of the fact that the resistance of the neutral 
system might be expected to be relatively greater 
in the outlying districts, the ‘‘external’’ resistance 
of a feeder circuit is practically a linear function of 
the circuit length. It follows from this, that in a 
system of this kind, 7) may be considered constant, 
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regardless of location. The R. curve also affords 
experimental confirmation of the tendency of the 
ground current to follow the irregularities of the 
feeder path. As also suggested by the shape of the 
reactance ratio curve in figure 6, the curving char- 
acteristic of X, shown by figure 7 indicates the 
effect of having an increasing density of buried 
metallic structures as the distance from the generat- 
ing station decreases. The additional paralleling 
sheaths toward the generating station serve to reduce 
a feeder’s ‘external’ reactance per unit of circuit 
length, without effecting any noticeable change in 
the rate at which the ‘external’ resistance varies 
with circuit length. 

The use of these R, and X, curves in estimating the 
zero sequence impedance of circuits for which no 
field data are available obviously is limited to the 
feeder system on which the experimental data were 
taken, since even the diameter of a faulted cable is 
an important factor among the various field condi- 
tions that influence the resultant impedance. So far 
as earth resistivity is concerned, the number of 
points available for determining the R, and \X, 
curves seemed to include data from enough circuits 
of different lengths and locations to make the curves 
adequate for estimating purposes without having to 
take into account the variations in earth resistivity 
that probably exist. 


CALCULATIONS 


To determine the approximately equivalent make- 
up of a typical ground return path and the current 
distribution therein, 3 test values of 2) were compared 
with several calculated values of 2 for feeder circuits 
involving the same kind of cable but with various 
assumed conditions of the return path. The calcu- 
lations of z made use of the experimentally deter- 
mined “‘internal’’ self-impedance data on figure 4, in 
accordance with the method outlined in appendix II 
of a forthcoming report of the Joint Subcommittee 
on Development and Research, Edison Electric In- 
stitute and Bell Telephone System.* The compari- 
son is presented in table I. 

Although the data of table I do not permit of the 


absolute determination of the ground return path 
corresponding to any of the test conditions, they do 
indicate, between fairly close limits, an approximately 
equivalent return for circuit lengths of from 22,000 to 
47,000 feet. The 2 limiting sets of circuit conditions 


RESISTANCE OR REACTANCE — OHMS 


O ile) 20 30 40 50 
CIRCUIT LENGTH FROM HUDSON AVE. - THOUSANDS OF FEET 


Fig. 7. Calculated ‘external’ impedances at 60 
cycles of 350,000-circular mil 3-conductor feeder 
circuits 


referred to are the assumptions used in computing 
the zero sequence impedances of circuits 7 and 8. 
The moduli of the vector expressions of % in these 
2 cases, it may be noted, are not only of the same 
order of magnitude as those of the 3 field determina- 
tions, but their angular positions are such that they 
include within their phase difference of 9.5 degrees 
the angular positions of the 3 experimentally de- 
termined vectors (circuits 1, 2,and3). The equiva- 
lent ground return, therefore, would consist of at 
least 1, and possibly 2, sheaths of similar cables in 
parallel with the sheath of the faulted cable, and, 
as implied by the separations in the limiting assump- 
tions, the paralleling sheath, or sheaths, would run 
in the same duct bank as the faulted cable. The 
calculations also indicate the extent to which the 
sheath of the faulted cable serves as a return path 
for the current. In a system of this kind, where 
about half the current returns on the feeder’s own 


Table I—Comparison of Test and Calculated Values of Zero Sequence Impedance 


Current Distribution, Amperes 


To+j Xo 
Ohm per Phase Faulted Adjacent 
Circuit per 1,000 Feet Cable Sheath Sheaths Earth 

Test Values 
1. Test lengths 7 + 11 (22,490 feet).. ....0.2038 /44.5° 
2. Tepbicacthe 7-11 12 (21.000 feed). OE UR UA a eee ae retedoiens) «166 Ctofepeusntera: One L Oman L405 
3. Test lengths 1 + 2+ 3+ 4+ 5 (46, 800 eee ..0.218 /48° 
Calculated Values Based Upon Various Assumptions 
4.) All current return on sheath of faulted Cables sci. ais cic cise es os oe wees oe somes vlad onan s 0.281 J13-8° 600 /0° 
5. Sheath of faulted cable in parallel with earth. . ‘ es olere cfm ecatet ee Ritisra. Ose oe [8920 cinder LO OC ara LOD \65° 
6. Faulted cable paralleled by 2 sheaths at 30 Mee separation; geometric mean radius 

of adjacent sheaths = 3 inches........ POOR COS seOn2OGn /412 8). 487s 20cm 70 \47.5°. .. .126 \ 62° 
7. Faulted cable paralleled by 1 sheath at 8 inches S separation. prerste sed eerie TESTE G5 octet /PXIOT 5 5. SOR) \is° ....112 \72° 
8. Faulted cable paralleled by 2 sheaths at 6 inches soa geometric mean fadine 

of adjacent sheaths = 3.6 inches............... Bens vacate taretens ...0,204 [OLE cOU ME Ole OSE SOG Ness ¢ 77. \80.5° 


Total current = 600 amperes /180°; 
earth resistivity taken as 100 ohms per meter cube. 


ame size; 
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cable—350,000-circular mil 3-conductor shielded with an outside diameter of 2,950 mils; adjacent cables assumed to be of 
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sheath, the earth itself forms no vital part of the 
return path. 

The field determinations of sequence impedances 
have been used to calculate the currents in ground 
faults that have occurred on various 27 kv feeders 
during a 2 year period. These short circuits included 


Cable A Cable B 


Fig. 8. Cross-sectional views of 2 representative 
makes of 27 kv 350,000-circular mil 3-conductor 
shielded cable in use on feeders 25-99-03 and 


25-99-11 

Cable A Cable B 
Thickness of impregnated paper insulation, per conductor........ 350 mils.. 345 mils 
Mibtckmessio tal eacesty cath ster vaseteediae cle ite Wie: a a teudhgr dee aot sokat oun aderees 145 mils.. 150 mils 
@utsicderciametcr eee oie ase ck nd gota ne sega 2,960 mils. .2,920 mils 
Sector, ratio:) majon axis to minOKaXisS: cis cn we oe ave ee oe eels 1.66 - 1.46 
Measured geometric mean radius of one cable conductor......... 261 mils 262 mils 
Theoretical geometric mean radius for equivalent round conductor.... 262 mils.. 263 mils 
Measured geometric mean distance between conductors........- 1,275 mils. .1,288 mils 
Theoretical geometric mean distance between conductors (see 
“opeyera GBs Diss S mobyeegeie in & Get te RUMEN Oto eR 1,272 mils. .1,276 mils 
Measured-geometric mean radius of 3 conductors in one cable (see 
ADO CHADD ate Me ne sat Mt. elev otmisd se ethan want ents 751 mils.. 757 mils 
Theoretical geometric mean radius of 3 conductors in one cable... 751 mils.. 754 mils 


9 phase-to-ground and 3 phase-to-phase-to-ground 
faults. The computed ground current for each fault 
was compared with the chart reading of a recording 
ammeter in the ground circuit at Hudson Avenue 
station. The average agreement was within 4 per 
cent. 

Tests made on feeder 9950 (test length 14, figure 
1) permitted a check of the method for calculating 
the current in a single-phase-to-ground fault. By 
virtue of the switching arrangement at Ainslie Street 
substation, it was possible to ground one phase of 
the feeder at that point and energize the feeder at 
Hudson Avenue station between this phase and 
ground. The impedance to the flow of current during 
this test was 1.60 ohms. The calculated value of 
this impedance, obtained by taking !/; the sum of 
the measured values of positive, negative, and zero 
sequence impedances for the feeder, was 1.59 ohms. 


CONCLUSIONS 


The specific conclusions and inferences derived 
from the tests have been presented as the test results 
themselves have been discussed. Except for the 
positive sequence impedance data, the results may 
not be generally applicable to other systems. With- 
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out the support of experimental data, it is apparent 
that the calculation of zero sequence impedances of 
feeder circuits in a system of this kind can be at best 
only a rough approximation. Where accurate fault 
calculations are required for a particular system, 
it would seem most advisable to conduct a series of 
tests on representative circuits in such manner that 
the data obtained could be adapted for use with all 
similar circuits of the system. 


Appendix |—Cable Dimensions and 
Discussion of Geometric Mean Distances 


The several test lengths of the 350,000-circular mil 3-conductor 
cable included a variety of makes and ages supplied under the 
specification. The dimensions given in the text and in the caption 
for figure 6 are average values from factory cable inspection data for 
all makes of cable included in the feeders under observation. To 
illustrate typical variations in manufacture of a given type, figure 8 
shows dimensions and cross-sectional views of 2 makes which repre- 
sent the approximate limits in conductor sector shapes. The con- 
ductors of cable A, as indicated by the sector ratio, are flatter than 
those of cable B, the conductor core of which is triangular in cross 
section and equivalent to about 6 of the outer round strands. The 
“measured” geometric mean distances given in the table under 
figure 8 were calculated from actual measurements of strand diam- 
eters and distances between strand centers on enlargements of the 
photographs reproduced in the figure. The calculations were based 
upon assumptions of circular strand cross sections and of uniform 
current distribution throughout conductor sections. In making the 
measurements on cable B, each of the triangular core areas was as- 
sumed to be made up of 6 circles with diameters the same as that of 
the outer strands, giving cable B the equivalent of 60-strand conduc- 
tors as compared with the 36-strand conductors of cable A. 

The theoretical geometric mean radius of one cable conductor was 
calculated according to Maxwell’s formula for round stranded homo- 
geneous conductors. The theoretical geometric mean distance be- 
tween conductors was obtained by the method suggested by Sim- 
mons.’ In this method, the geometric mean distance is given by the 
expression kd + 2t, where d is the diameter of the equivalent round 
conductor, ¢ is the conductor insulation thickness, and k is the sector 
correction factor, which is taken between the limiting values of 0.82 
and 0.86. For cable A, the value of k = 0.84 was used, and for cable 
B, k = 0.86. 

Inthe absence of measured values, the ‘‘theoretical” geometric mean 
distances are apparently quite adequate, as their agreement with 
the corresponding measured distances is within 1 per cent in all in- 
stances. As Simmons already has shown, the error involved in using 
these spacings to calculate positive sequence reactance is negligible 
compared with that involved in attempting to evaluate the increase 
in reactance caused by the binding tapes of magnetic material. 
This difference is illustrated in appendix II which shows how the 
various test values of impedance compare with values calculated 
according to previously published methods. 


Appendix II—Sample Calculations of z: and zo 
According to Previously Published Methods 


The sample calculations are for the cable described in the caption 
for figure 6: a 350,000-circular mil 3-conductor shielded cable, with 
sector conductors and steel binding tape; conductor insulation 
thickness, 350 mils; lead sheath thickness, 140 mils; outside diam- 
eter, 2,950 mils. 


PosITIVE SEQUENCE IMPEDANCE (g;) 


According to Simmons, the d-c resistance of the conductor must be 
increased by the following amounts: 


Spiralingsof strands ne. sies. 1 See eee 2.0 per cent 
Spiraling of conductor in a 3 conductor cable..........2.0 per cent 
Skinvandiptoximityzettects sav. epee aan 1.2 per cent 


5.2 per cent 
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To this 5.2 per cent, 1.3 per cent has been added to take into ac- 
‘ count the average excess of d-c resistance over the specified value, 
as indicated by factory inspection data. 


rm (at 25 deg C) = 0.0308(1.065) = 0.0328 ohm per phase per 1,000 
feet 


2 S 
xy = a (0.1404 logio © + 0.01525) ohms per phase per 1,000 
feet 
where 


f, the frequency = 60 cycles per second 
S, the conductor spacing = kd + 2t = 0.84(681) + 2(350) = 1,272 
mils 


681 
r, the radius of equivalent round conductor = fa 340.5 mils 


x, = 0.0360 ohm per phase per 1,000 feet 

Calculated value of z; = 0.0328 + 70.0360 ohm per phase per 1,000 
feet 

Test value at 200 amp per phase of z; = 0.0334 + 70.0410 ohm per 
phase per 1,000 feet 


Both components of the calculated positive sequence impedance are 
lower than the corresponding test values, the resistance by 2 per cent 
and the reactance by 12 per cent. The difference between the re- 
sistance values hardly merits consideration; but the difference in 
reactance is large enough, when calculating positive sequence re- 
actances of cables with steel binding tapes, to increase the theoretical 
reactance by an amount which, Simmons states, should be some- 
where between 10 and 20 per cent, depending on the quality and 
quantity of the steel. 


ZERO SEQUENCE IMPEDANCE (2) 


Where the sheath is assumed to be well grounded and the cable of 
long length, so that maximum return current in the earth will be 
obtained, Wagner and Evans‘ consider the equivalent circuit to 
consist of the impedance of the 3 paralleled cable conductors in 
series with the impedance formed by paralleling the sheath resistance 
with the mutual impedance between the sheath and the 3 cable 
conductors: 


4 nr) 0.032 
Conductor resistance at 25 deg C = 3 = oe = 0.0109 ohm per 
1,000 feet (1) 
0.004657 
Conductor reactance ros Ff logio 


G.M.D., conductor to sheath 
G.M.R. of 3 conductors in one cable 


ohms per 1,000 feet (2) 


G.M.D (geometric mean distance) conductor to sheath = 


Taecteat 3 
2 approximately 
re = inside radius of sheath in mils 
rs = outside radius of sheath in mils 
1,335 + 1,475 


G.M.D., conductor to sheath of sil a ed 1,405 mils 


2 
G.M.R. (geometric mean radius) of 3 conductors in one cable = 


~/(G.M.R. of one conductor)(G.M.D. between conductors)? = 
~/(0.768)(340.5)(1,272)? = 751 mils 


oednee : _ 0.004657 60 1 1,405 _ 
onductor reactance = eag O10 a 
0.0144 ohm per 1,000 feet 
7936 s (10) 


Sheath resistance = ohms per 1,000 feet (3) 


(75? = 14?)5.28 
s, the lead resistivity = 22.1(10)—§ ohm per centimeter cube at 20 
deg C 

r, = inside radius of sheath = 1,335 mils 


rs, = outside radius of sheath = 1,475 mils 


re Bontatc 1,503(22. 1) 
e ISS = SEG TE en ae 
Sheath resistance a g (1,475)? — (1,335)? 


0.0844 ohm per 1,000 feet 
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0.00159 
Mutual resistance = im f = 0.0181 ohm per 1,000 feet (4) 
yen : DEL SLE D.(12,000) 
ek ee | ONES ee G.M.D., conductor to sheath 


ohms per 1,000 feet (5) 


De, equivalent depth of earth return = 2,800 feet at 60 cycles 
when earth resistivity is taken as 100 ohms per meter cube 


Mu 0.004657 2,800( 12,000) 
utual reactance = 5 28 O10 SPT ain re 
= 0.232 ohms per 1,000 feet 
2 .0181 j 0.232 - 
sf a g:| Cee 79.282) 9G sarod A OLOTE 
0.0844 + 0.0181 + 7 0.232 


= 0.253 + 7 0.121 ohm per phase per 1,000 feet 


or 


7.5 + 52.9% 


2 = 


For a total current of 600 amperes under these conditions, the dis- 
tribution between sheath and earth would result in having the sheath 
carry 550 vA 19.5° amperes, and the earth 200 \ 66° amperes. 


(Compare with computation 5 in table I.) 


EarTH RESISTIVITY (p) 


To illustrate the effect of changes in earth resistivity on the calcu- 
lated value of zero sequence impedance and on the return current 
distribution, the case in which the faulted cable was assumed to be 
paralleled by one sheath at a spacing of 8 inches (computation 2 in 
table I) was recomputed for 2 additional values of p, with the follow- 
ing results: 


Current Distribution, Amperes 


e ro + jxo 
Ohms per Ohm per Phase Faulted Adjacent 
Meter Cube per 1,000 Feet Cable Sheath Sheath Earth 
10... .0.159 + 70.240... .376 /26°....220 \ 13° 128 \61.5° 
100... .0.166 + 70.147. ...381 726°... .230 \15° 112 \72° 


1,000. .. .0.169 + 70.102... .882 725°... .230 \46.5°....102 \70.5° 


Between the foregoing limits of p, which are the resistivities for 
swampy ground and dry earth, respectively, the absolute value of 
go undergoes a change of approximately 30 per cent; but it may be 
noted that the distribution of the return current, for practical 
purposes of fault calculation, remains about the same. 
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Equivalent Circuits— 
2 Coupled Circuits 


An equivalent circuit to represent 2 
coupled circuits having distributed self- 
and mutual impedance and admittance is 
developed in this paper for the general 
case, and modified for certain specific 
cases. The application of these equivalent 
circuits for representation of coupled power 
circuits or a coupled power circuit and 
ground wire or metallic cable sheath with 
distributed grounding impedance in power 
system analysis is discussed. 


By 

J. C. BALSBAUGH R. B. GOW* 
MEMBER A.1.E.E. ASSOCIATE A.I.E.E. 
W. P. DOUGLASS* A. H. LEAL* 


Membership Application Pending ENROLLED STUDENT 


All of Massachusetts Institute of Technology, Cambridge 


1 pee USE of equivalent circuits 
generally aids and simplifies the analysis of steady 
state or transient conditions in electric power sys- 
tems. An equivalent circuit is developed generally 
to represent terminal conditions. In many cases 
internal conditions may be conveniently obtained 
from the terminal conditions and the constants of 
the equivalent circuit. For 3 phase balanced systems 
the equivalent circuits are generally developed on a 
per phase basis to represent positive, negative, or 
zero sequence components. Equivalent circuits 
consisting of definite impedances or admittance links 
may be conveniently set up on a network analyzer, 
thereby permitting measurement of quantities to be 
made directly instead of through laborious calcula- 
tion involving the general circuit equations. 

The present problem involves the development of 
an equivalent circuit to represent 2 coupled circuits 
(figure 1) having uniformly distributed self- and mu- 
tual impedance and admittance. These circuits may 
have different values of self-impedance and admit- 
tance per unit length and are not connected to 
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Manuscript submitted Aug. 20, 1935; released for publication Feb. 7, 1936. 
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busses at either end. Thus the most general case is 
represented. For the 3 phase case it is assumed that 
these circuits represent a balanced system having 
equal impedances and admittances per phase. These 
2 circuits may represent 2 coupled power circuits to 
either positive, negative, or zero sequence current 
and voltage components, or may represent a power 
circuit and a ground wire or cable sheath to zero 
sequence components. 

Starr! has developed equivalent circuits for an 
electromagnetically coupled multiple circuit line, 
these circuits being connected to a bus at one end. 
These equivalent circuits find an extensive applica- 
tion where the self- and mutual admittances of the 
circuits properly may be neglected. There are many 
instances, however, in which the effects of the self- 
and mutual admittances may be quite significant. 
Examples of these are: relatively long high-voltage 
overhead multiple circuit transmission lines; ground 
wires having relatively high tower grounding re- 
sistances (the ground wire with tower grounding 
resistances expressed in terms of the equivalent 
smooth line); high voltage underground cable cir- 
cuits; and metallic sheath circuits with grounding 
resistance or impedance (the sheath circuit with 
grounding resistance or impedance expressed in terms 
of the equivalent smooth line). The effect on ground 
faults of the self- and mutual admittance and of 
ground wire and cable sheath grounding impedance 
may be quite important in determining the values 
of breaker interrupting duties, in determining phase 
and magnitude of currents and voltages actuating 
relays, and in stability studies. 

The positive and negative sequence mutual im- 
pedance and admittance between multiple circuit 
power lines is usually relatively small in comparison 
to the corresponding self-impedance and admittance. 
Accordingly, where it is desired to include shunt 
capacitance effects in the analysis or representation 
of these circuits to positive and negative sequence 
components, this may be approximated by using the 


VAX 
Tax 
CIRCUIT A 


ZAAYAA 


VBx 
IBx 


Fig. 1. Diagram showing general relations in 2 


coupled circuits 


equivalent II or T circuit for the individual smooth 
line. However, the zero sequence mutual impedance 
and admittance between multiple circuit power 
lines or between power lines and ground wires or 
cable sheaths is usually quite significant in compari- 
son to the zero sequence self-impedance and ad- 
mittance per circuit. Accordingly it is frequently 
necessary to include the coupling effect between 
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multiple circuit lines for analysis or representation 
, of the circuits to zero sequence components. Other 
examples of importance are ground wires with ap- 
preciable tower grounding resistances and cable 
sheaths with appreciable grounding resistances or 
impedances as shown diagrammatically in figure 2. 
Assume that the top circuit of figure 2 represents 
a ground wire with zero sequence self-impedance 
2g per phase per unit length of line and with equal 
and uniformly spaced zero sequence grounding 
impedance z, per phase. This circuit may be 
changed to the middle circuit shown in figure 2 
by representing 2. by 2 impedances in parallel, each 
impedance being 22g. Now the II circuits, having 
series impedances equal to zs) times the units of 
line length between grounding points and having 
shunt admittances equal to 4/2, may be changed 
into a smooth line (figure 2, bottom) having uni- 
formly distributed zero sequence self-impedance and 
admittance z and yo, respectively, per unit length 
and with terminal grounding impedance equal to 
2z,. The capacitance of the circuit to ground may 
be in 7 if desired. 

The equivalent circuit shown in figure 3 represents 
the general case of 2 circuits with uniformly dis- 
tributed self- and mutual impedance and admit- 
tance, and with the circuits not connected to busses 
at either end. Thus this equivalent circuit will 
represent terminal conditions for a double circuit 
power line to any sequence components or will repre- 
sent terminal conditions of a power circuit and ground 
Wire with tower grounding resistance or a power 
circuit and cable sheath with grounding resistances 
to zero sequence components. The circuit represent- 
ing the ground wire may represent more than one 
ground wire where the ground wires may be properly 
combined into an equivalent ground wire. The fore- 
going is also true for the case of sheath representa- 
tion as between single and 3 conductor cables. 

For the condition of the circuits connected to a 
bus at one end, the 5 terminal network of figure 3 
may be reduced to a 4 terminal network and the 
number of links reduced from 10 to 6. However, 


2S0 Fig.2. Diagrams 
208 : : : 3 : of circuit with dis- 
1 if i L 28 1 tributed ground- 
Zs0 ing impedances 

= 3 = Zo = >= = 


2208 Yo : 


even in this case it is usually desirable to use the 
equivalent circuit of figure 3 to retain the identity of 
the line currents at the connecting point and thereby 
permit direct measurement of these quantities. 
For a double circuit power line the connecting point 
may be either a high or low voltage bus and for a 
power line and ground wire or cable sheath, the 
connecting point may be the common neutral point 
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As 


Bs 


VBs 
Ips 


Fig. 3. Equivalent circuit representing the general 

case of 2 circuits not connected to busses and having 

uniformly distributed self- and mutual impedance 
and admittance 


for the case of the terminal line equipment permitting 
the flow of zero sequence currents. In these cases 
the impedance of the terminal equipment must be 
included in the equivalent circuit at the proper 
places. This equivalent circuit is of course also 
applicable to circuit representation in an ungrounded 
system since in this case the path of zero sequence 
current on ground faults is through the circuit shunt 
admittance. 

For the condition of a double circuit power line 
connected to a bus at one end and consisting of 
circuits having equal self-impedances and admit- 
tances, the equivalent circuit of figure 3 may be 
reduced to that shown in figure 4. With these cir- 
cuits connected to busses at both ends the equivalent 
circuit of figure 4 reduces to the II circuit shown in 
figure 5. 

In some instances it may be desirable to include 
the effect of distributed grounding resistance of 
cable sheaths or ground wire circuits but to neglect 
the effect of the power circuit self-admittance and the 
mutual admittance. Such an instance might arise 
from the length of circuit involved, potential of 
power circuit, or simply from a desire to investigate 
the separate effects of distributed grounding imped- 
ance and of capacitance. The equivalent circuit to 
represent this case is given in figure 6. It differs 
from the general case of figure 3 in that Yaa = Yas 
= 0. Thus the equivalent circuit of figure 6 may be 
used to represent to zero sequence components a 
single circuit power line (circuit A) and a ground 
wire or cable sheath (circuit 6B) in which the dis- 
tributed ground impedances are included and ca- 
pacitances are neglected. 

For the condition of the distributed grounding 
impedances equal to zero, the equivalent circuit of 
figure 6 reduces to the single impedance link a with 
the value given in equations 22. For the condition 
of the distributed ground impedances equal to in- 
finity, the equivalent circuit of figure 6 reduces to 
the equivalent circuit of figure 7, and is similar to 
the general equivalent circuit of a 2 circuit trans- 
former as given by Campbell.? This equivalent cir- 
cuit may be used for a double circuit power line in 
which capacitances are neglected. 
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I—GENERAL CASE oF 2 CrrcuiTs Havinc DISs- 
TRIBUTED SELF- AND MuTUAL IMPEDANCE AND 
ADMITTANCE, AND Not CONNECTED TO BUSSES 
AT EITHER END 


Consider 2 circuits having distributed self- and 
mutual impedance and admittance. It is assumed 
that these circuits are balanced circuits, that is, 
have equal impedances or admittances per phase. 
These circuits may represent 2 polyphase power 
circuits to positive, negative, or zero sequence cur- 
rents and voltages or may represent a polyphase 
circuit and a ground wire (or combination of ground 
wires where these ground wires may properly be 


represented by an equivalent ground wire) to zero 


sequence currents and voltages. _ 

The parameters of these circuits are shown in 
figure 1. Ata distance « measured from the receiving 
end, the following differential equations may be 
established : 


dV. 
AF = Zaalax + Zaslox 

dx 

dV, 

ag = Zeplexr + Zaplax 

ar (1) 
ee aa Vir Fo Vie Vex 

dx 

al 

a = VpsVeax + YasVax 


Differentiating and rearranging gives 


d?V. 
= KaVax + KoVox 
dx 
d?V, 
—* = KeVax + KaVax 
ax 
a (2) 
—“* = Kolar + Kelox 
dx? 
at 
— = Kolax ar Kalzx 
dx 
in which 
Ka = ZaaYos + ZapVap 
Ky = ZasYss + ZaaVap (3) 
Ke = ZasYaa + ZppVap 
Ka = ZepYes + ZasVas se4 


The solutions of equations 2 may be written as 
follows: 


Vaz = Coe? + CyePd* + Ccoe?e*® + Cae? o* 

Vax = DaCae?™ + DaCye?* + DyCreP® + Dy Cae? ‘ (4) 
Tax = Moe? + MyeP* 4 MyePe* 4+. MyePe* 

Igx = NaMae?* + NgMpeP* + Np Me? + Np Mae? * | 

in which 


es 1 
Bees V; [Ke + Ke + V(Ka — Ky)? + 4KyK,] 
bp = —Pa 


(5) 


Liab 
feo y: [Ka + Ka — V(Ka — Ky)? + 4K3K,] 
bad = —Pc 


pS 
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D 2K, 
: Ky See SA pa Rt ee 
D IN Ky 
6S ra 
Ka cS Ka + WV (Ka ic Ka)? ata 4KyK,; (6) 
2Ky 
Na = — 
Ka — Ko — W(Ka — Ko)? + 45sKe 
2K 
Nin g 


Ka — Ka + V (Ka — Ko)? + 4KoKe | 


Evaluating the remaining coefficients of equations — 
4 from known terminal conditions will permit writing _ 
equations 4 in terms of terminal voltages and currents 
of circuits A and B. This gives 


1 
Vee [(Var — Dy Var) cosh 9, a (LarZa aE 
Dg = Dy 
IpyZp) sinh 94 — (Var — DaVar) cosh 9% aE 
(LarZe + Iz,yZq) sinh 95] 
1 
Vas = D, — Ds [Da(Var — DyVar) cosh 9g + 
DogLarZa + IpyZp) sinh 9g — Do(Var — 
DaVar) cosh % — Dy(LarZ¢ + InrZq) sinh %] (7) 
1 
Ins = ———— [(Inr — Nolar) cosh % + (VarYoa + 
Ng — No : 
VarYp) sinh 9g — (Ipy — Nalar) cosh % — 
(VarYc + VarYa) sinh 95) 
1 
Ins = ——— [Noa(lar — NoLar) cosh 94 + 
Na we et 
Na(VarVYa + VarYo) sinh 6, — No(Ier — 
Nol ar) cosh 9 — No(VarYe + Var Ya) sinh 95] 
in which 
(Zap — DpZaa)L ) 
Za = 
6a 
(Zep — DoZaz)L 
yy 
(8) 
(Zaz — DaZaa)L 
Ze SS 
9% 
(Zep — DgZaz)L 
Uppy ss ST Ee 
Op 
(Yas — NoVaa)L 
VR ee 
a 
(Yes — NoYaz)L 
 tebearenne Fst 
i (9) 
(Yas — NaVaa)L 
| i pee eke he EE 
9 
(Yes — NaVYan)L 
Yg = -2 ea 
Ob J 
and 
6g = PaL 
10 
% = bcL \ ( ) 


The equivalent circuit to represent the coupled 
circuits of figure 2 between terminals may be deter- 
mined from equations 7. Since there are 5 terminals 
the equivalent circuit of figure 2 will contain a 
minimum of 10 links. The links of this equivalent 
circuit may be evaluated by applying successively 
unit voltage to each of the circuit terminals, the 
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remaining terminals being grounded, and then 
setting up and solving equations defining the rela- 
tions between terminal voltages and currents from 
the equivalent circuit and from equations 7. This 


Fig. 4. Equiva- 
lent circuit de- 
rived from figure 
3 by connecting 
circuits to a bus 

at one end 


gives the impedance links a to 7 inclusive of figure 3 
. by 
(ZaZa — ZyZ-) sinh Og sinh 6 
La sinh 6a = bys sinh 0% 
J (ZaZa — ZyZ,) sinh 6 sinh 6% 


a DgZp sinh 6g — DsZq sinh 6p 
(ZaZa — ZpZe) sinh 6g sinh 6, 

ite” <-7alstzh pf zy aintie, 
14 Zs z Za Oe 
¢ ay ” (ZeZa — Z,Z,) tanh 0 (ZaZa — ZyZ,) tanh Og 
1 1 (1 — Ds)Zq tanh 6,/2 — (1 — Dg)Z, tanho,/2 
ae BRERA 
1 1 (1 — Dg)Z, tanh 6/2 — (1 — Dy)Z; tanh 64/2 
eG. Zz 7 


II. Case or 2 Circuits HAvING DISTRIBUTED 
AND EQUAL SELF- AND MuTUAL IMPEDANCE AND 
ADMITTANCE, AND NoT CONNECTED TO BUSSES AT 
EITHER END 


This represents a particular instance under case I. 
It is applicable to a multiple circuit power line con- 


AS Me Fig. 5. Equiva- 
Bs a Br lent circuit de- 
rived from figure 

b c 


3 by connecting 
circuits to busses 
at both ends 


Fig. 6. Equiva- 
lent circuit differ- 
ing from figure 3 
in that self-admit- 
tance and mutual 
admittance of one 
circuit are zero 
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sisting of similar circuits and may represent this 
case to positive, negative, or zero sequence currents 
and voltages. For this the circuit parameters may 
be represented by 


Zs a LAK | ZzB | 
Zm = Zap 

12 
Ys; = Vasa = Yap (eoeia 
Yn = Vas 


Substituting these values in equations 3, 5, 6, 8, 9, 
and 10 gives 


Ky = K, = Ziv + ZmYs5 
by = Vs = ZaWs = Yu) 
De iS Na = 1 
Dy = No = -1 oe 
1 
penta aw Gome f) 16 
' (16) 
Zgm -2, nae 
Y; pee Van Yq Y;, 
q = Pol 
% = PL a 


Substituting the foregoing in equations 7 gives 


V V. vi I \ 
ik a ETD cosh jonas seek Te) 7 cana: 
Var AV. Dee. 
+ ar = V8) cosh 0 + fe fee Za sinh 6 
(18) 
Tee V. 
Tyg ee ec pe ee sae 
2 2Za 
VE = if Yr V => V, 
+ Vaneariey) cosh 6) + Wate) sinh 6, 
2Z4 J 


and Vz, and Jz; in terms of V4,, Vz,, Ia, and Iz, 
may be obtained from these equations by interchang- 
ing subscripts A and B. 

The impedance links of the equivalent circuit repre- 
senting this instance may be determined similarly 
as for case I or may be determined from equations 11. 
The equivalent circuit may be represented by figure 
3 in which the impedance links are 


2ZqZq sinh 0g sinh 6, 


OT wma intie Gaia. Gainer 
2ZqZq sinh 6g sinh 6, 
seamen Ser min See Aye 
ee 4 1 1 (19) 
¢ ine fo O27 lath 6, 22 neanhies 
Tel leet lin cls Oc tanbroare 
4 ai epee 


In connection with the development of the fore- 
going equivalent circuits as given in this and the 
preceding section, it may be interesting to compare 
equations 7 and 18 relating terminal voltages and 
currents for the double circuit line with those for the 
single circuit smooth line. 
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III. Case or 2 Circuits HAviInG DISTRIBUTED 
AND EQuaL SELF- AND MuTuAL IMPEDANCE AND 
ADMITTANCE, AND CONNECTED TO BUSSES 


For the case of the circuits connected to a bus at 
one or both ends the number of terminals of the 
network will be reduced and accordingly the number 
of links may be reduced. However, reducing the net- 
work may prevent the line currents at the connecting 


Fig. 7. Equiva- 
lent circuit de- 
rived from figure 
6 by making the 
distributed 
ground im- 
pedances infinite 


As a Ar 


Bs d Br 


points from being measured directly. The equiva- 
lent circuits of figure 3 may be used with the ap- 
propriate terminals connected together. 

For the condition of similar circuits connected at 
one end the equivalent circuit of figure 3 reduces to 
that shown in figure 4. The equivalent circuit of 
figure 4 with impedance and admittance links given 
in series form was first given by Wagner and Evans.* 
The links of figure 4 are 


Jt, Zm) sinh @ 
2 i SR ee m)si c 
9a 
ab 4 1 ee 1 | 
Car 2Zq tanh 6) 2Z,q tanh 6 (20) 
1 1 1 tanh 6,/2 tanh 6,/2 
Fi f Qe Uh (Ys + Ym) Ba 


Be eel ny 2p alld O7,.0),,ate eivet by 
equations 12, 14, 16, and 17. 

For the condition of 2 similar lines connected to 
busses at both ends the equivalent circuit of figure 
4 reduces to the 3 terminal network of figure 5 
with the links of the equivalent circuit given by 


Z : 
se cog ees (Zs; + Zm) sinh 0g | 

2 2 Ba | 
1 Tecan, /2 tanh 6,/2 
ys oa a eat aRig 
by” G Lig 2S Em) Oa | 


and: Z;, Zm, Y;; Vm, Zx, 06 are given by equations 12, 
14, 16, and 17. 


IV. GENERAL Case WITH SELF-ADMITTANCE OF 
ONE CIRCUIT AND MuTuAL ADMITTANCE BETWEEN 
CIRCUITS EQUAL TO ZERO 


This special instance of case I has particular ap- 
plication for representing a single circuit line and 
ground wire or cable sheath to zero sequence com- 
ponents for the condition of including distributed 
grounding resistance or impedance and neglecting 
the effect of capacitance. The equivalent circuit 
of figure 3 may be reduced to that shown in figure 6 
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in which the impedance links are (Yaa = Yas = 0): 


ZasZep — Zaz® 
Zpp 


Lg slap = LARE 
Bo oe a ee Ee = —-¢ = —f 
Zap 
6 Z AB 


1 
Fie SHR CT ue OAR mee OS WAS 


(22) 


0 6 
= —- = —— tanh — 
BB y 


Vay it 
= 


and 


6 = A) as Ven 


V. GENERAL CASE WITH SELF-ADMITTANCE OF 
BoTH CircuITs AND MutTuaL ADMITTANCE EQUAL 
TO ZERO 


This special instance of case I assumes that ca- 
pacitance effects in the circuits are either negligible 
or may be neglected. Where one of the circuits repre- - 
sents a ground wire or cable sheath it is assumed that 
the grounding resistances are zero or negligible and 
the corresponding terminal or terminals are grounded 
in the equivalent circuit. The equivalent circuit 
for this case may be obtained from figure 6 for V2 
= 0 and gives the equivalent circuit of figure 7 in 
which 


> ZaaZpp — Zap’ 
Zep 


LE FOO | 


Za 


d= 


: (23) 
. ZasZpp — Zap? 


ii Se 
ZAB 


=-e= -f 


For the condition of terminals Ar and Br con- 
nected the equivalent circuit of figure 7 reduces to 
the wye equivalent circuit? of figure 8, in which 
a@ = 24a — Zap ) 
b= ZppB 7 ZaB (24) 
c = Zap 


With the circuits connected to busses at both 
ends, that is Ar and Br connected together and As 
and Bs connected together, the equivalent circuit of 
figure 7 reduces to a single impedance link equal to 


ZaaZpp — Zap? 
Zaa + Zep — 2ZaB 


and if similar circuits are represented so that Za, 
= Zzp then the foregoing single impedance link be- 
comes equal to 


Zs +Zm 


(25) 


(26) 


Fig. 8. Equiva- 

x lent circuit de- 
ae rived from figure 

Br 7 by connecting 
circuits to a bus 

at one end 


P 

As 
~“Y a 

Bs 
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in which Z, and Z,, are given by equations 12. 

In connection with the foregoing, further work is 
planned in developing circuits covering the same 
conditions as described but for more than 2 coupled 
circuits and in determining the effects produced 


“under system faults by the distributed self- and mu- 


tual admittance and distributed grounding imped- 
ances. 
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Gixce the invention of the oil filled 
transformer, the problem of oil deterioration always 
has been in the foreground and year after year has 
become more prominent, particularly because of the 
desire to work the insulation under increasingly 
higher stress and temperature. It is well known that 
even the best insulating oils under conditions of 
service gradually deteriorate, with the formation of 
organic acids and sludge which are detrimental and 
which, to a certain extent, limit the life of the trans- 
former. While the quality of transformer oil gradu- 
ally has been improved to meet requirements, 


nevertheless there is still much to be desired in the 


way of better insulating oils. 

It is the purpose of this paper to show how de- 
terioration of insulating oil can be reduced to such an 
extent as to minimize the maintenance problem of the 
operating engineer. Contrary to present practice, 
it is shown that by the use of a highly refined readily 
oxidizable oil, it is possible—under the proper condi- 
tions—to obtain extremely long life and at the same 
time reduce the explosion hazard by maintaining 
automatically an inert gas above the oil. 

The composition of insulating oils for transformers 
will be discussed only briefly, since numerous papers 
have dealt with this subject in the past. The in- 
sulating oil fraction in the refining process is generally 
a close-cut fraction taken after the kerosene distillate 
and is composed of paraffin, naphthene, and perhaps 
some aromatic hydrocarbons, together with traces 
of residual petroleum resins and sulphur compounds. 
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Insulating oils ordinarily used in trans- 
formers have high stability toward oxida- 
tion, and much effort has been directed 
toward reducing the oxygen absorption 
qualities of such oils. Contrary to usual 
practice, however, the tests reported in this 
paper were made with a readily oxidizable 
or ‘‘overrefined”’ oil on the basis that the 
oxidizing qualities of this oil will maintain 
automatically an inert gas above the oil and 
thus reduce explosion hazards. On the 
basis of these tests, it is said that trans- 
formers equipped for restricted breathing 
can be operated with overrefined oil over 
long periods without servicing as far as the 
oil is concerned. Among the chief dis- 
advantages of such oil is its high cost— 
approximately twice that of present com- 
monly used oils. 


The proportions of these compounds will be de- 
pendent upon the type of crude, and upon the method’ 
and degree of refinement. By very drastic refining, 
such as using fuming sulphuric acid as the refining 
agent, extremely highly refined oils can be obtained; 
because of their peculiar behavior toward oxidation, 
these sometimes are called “‘overrefined”’ oils. These. 
oils are the basis of the present paper. Although 
the cost is generally about twice that of conventional 
oils, it is believed to be justified in view of improve- 
ments shown in the following discussion. In general, 
if one begins with the crude distillate and pro- 
gressively removes the so-called unstable constitu- 
ents, the oil becomes better from the standpoint of 
acid and sludge developed under service conditions. 
However, with increased refining, an optimum is 
reached beyond which the oil is more susceptible to 
oxidation and, under some conditions, deteriorates 
very rapidly.'”? Experiments conducted by the 
author and his associates, which have been con- 
firmed by others, indicate that this change in char- 
acter of the oxidation is attributable to complete 
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removal of naturally occurring residual petroleum 
resins which act as retarders to oxidation. 

Considerable study in the refining and testing of 
transformer oils has led to the conclusion that the 
problem resolves itself into an economic one. By 
increased cost of refining, the sludging tendency of the 
oil can be reduced to the point where an overrefined 
oil is obtained. The view sometimes is held that 
certainly there must exist in some types of crude oil 
a hydrocarbon or group of hydrocarbons that have 
extreme stability toward oxidation, and if such 
compounds could be isolated, one would have the 
ideal transformer oil. While this might be possible, 
the author’s experience has indicated that it is hardly 
probable, and at least the cost of obtaining such com- 
pounds would be high as compared with present oil. 
Sometime in the future very stable materials may 
be obtained by synthesis, or suitable oxidation re- 
tarders may be found which can be added to the oil; 
but this is a matter of speculation. 

Certain choice of crude, together with improved 
methods of refining and more experience in the service 
behavior of oils, have resulted in a more satisfactory 
product than was available in the past. While this 
is true, none of the present methods of refining is 
believed to be capable of giving the ideal oil that has 
been the operating engineer’s hope. At some future 
time, radical changes in refining processes might 
result in better products with high resistance to oxi- 
dation, and perhaps the ideal oil will be approached. 

It has long been known that insulating oil does not 
deteriorate if an inert gas is maintained above it. 
This has resulted in designing transformers with 
devices to remove the oxygen from the inbreathed 
air or to supply directly an inert gas, such as nitrogen 
or carbon dioxide, to the gas space. While the oil 
is protected in such devices, periodic inspection is 


necessary to guarantee proper functioning of the 


apparatus. 

In studies on the oxidation of insulating oils, the 
writer was particularly impressed with the rate of 
oxygen absorption of the overrefined white oils. 
At the time, an attempt was being made to make 
an oil that had high stability toward oxidation, 
or low oxygen absorption. With the idea of an inert 
atmosphere above the oi] in mind, the thought oc- 
curred of taking advantage of the high oxygen ab- 
sorption rate of the oil to create an inert atmos- 
phere. Possibly a reasonable life could be obtained 
for the oil if the supply of air were limited. In other 
words, the field of attack was reversed and instead 
of searching for a highly oxygen-resistant oil, 
experiments were directed to oils with high oxygen 


Table I—Relative Deterioration of Conventional and Over- 


refined Oils When Supplied With Same Amount of Oxygen 


—— — 


—= 


: Sediment 
Oil Neutralization* Per Cent Saponification** 
Number by Volume Number 
Gonyentionalymimnccaew OLL4eo. soccer O84 wevcacaietnte 2.13 
OVETTEONNE We lave clots, « 4 cri es OOLS 0) Mint Praceushe soe ee. 2.0 


* Milligrams of potassium hydroxide required to neutralize 1 gram of oil. 
** Milligrams of potassium hydroxide required to saponify 1 gram of oil. 
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absorption. Tests in free breathing transformers 
with a moderately refined oil and an overrefined oil 
showed that when all factors were taken into con- 
sideration, the 2 oils were practically equivalent 
from a service standpoint. Knowing that the over- 
refined oil absorbed much larger quantities _of 
oxygen than the moderately refined oil, the question 


T—Tank 

Bi and B, —Bushings 
C—Core and coils 
O—Overrefined oil 
S—Gas space 
P—Pressure regula- 


tor ‘ 
D—Dehydrating 


compartment 
G—Gasket 


Fig. 1. 


Arrangement of transformer and test equip- 
ment for experiments of table Ill 


arose: What are the relative deterioration rates 
when an equivalent amount of oxygen is supplied 
each oil? 

To answer this question, a test was set up where 
the oils could be studied under closely controlled 
conditions. A slightly elevated temperature of 115 
degrees centigrade was used to accelerate deteriora- 
tion. The oils were placed in iron cans with gasketed 
steel lids. Pet cocks were installed in the covers 
for blowing out the gas space. The volume ratio of 
oil space to gas space was 4 to 1. The cans were 
placed in an oil bath at 115 degrees centigrade with 
the pet cocks closed. Once each week the gas 
space was blown out with air, previous tests having 
shown that a week at this temperature was ample 
time for consumption of the oxygen in the gas space. 
During the course of the test several oils were ex- 
amined, but only typical examples will be considered 
here. The total oxygen consumed during the test by 
each sample was about 0.1 cubic foot per gallon of 
oil. The results of this test, given in table I, are 
quite interesting. They indicate the superiority of 
the overrefined oil when tested under these condi- 
tions. This is borne out also in the transformer 
tests to be discussed later. 

It might be of interest to consider briefly the rela- 
tive rates of oxygen absorption of the foregoing 2 
oils. Samples of oil were placed in a glass bulb con- 
nected to a burette for feeding in oxygen. The oils 
previously were saturated with oxygen at room 
temperature so as to eliminate the solution error. 
The receptacle was heated to 125 degrees centigrade 
and mechanically agitated. Results are summarized 
briefly in table IT. 

It may be interesting to note that the overrefined 
oil as compared with the conventional oil absorbed 
oxygen in the ratio of 260 to 1. During the course of 
the oxidation, carbon dioxide and water vapor ac- 
cumulated; since these were not removed, they prob- 
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Table Il—Relative Rates of Oxygen fers of Over- 
refined and Conventional 


Carbon Neutraliza- 


Oxygen Dioxide tion Num- 
Tem- Absorbed, Formed, her* of 
perature, Time, Cu Cm Water CuCm Oxidized 
Oil Deg C Hr perG Formed per G Oil 
Overrefined....... LZS OL ee ORS ious  OnO5>.. 01 2d 


raceme racess - race 


* See footnote to table I. 


ably had a slight influence on slowing down the rate 
of absorption, due to a dilution effect. 

In view of the encouraging results obtained, it 
was thought desirable to extend the tests to trans- 
formers that could be operated under closely con- 
trolled conditions and at a temperature that would 
approximate service conditions. Accordingly, 3 
25 kva transformers were set up with special tank 
construction for the experiments (see figure 1). 
The covers were made airtight and the gas space was 
connected to an oil trap with sufficient capacity to 
prevent the escape or intake of gas. Connections 
were made to the gas space for replacing the air when 
desired. In materials of construction, the trans- 
formers were comparable to power transformers. 
These transformers were operated at various tem- 
peratures with periodic checks of the oil and analysis 
of the gas in the gas space for oxygen. By this 
means it was possible to determine the approximate 
time necessary to reduce the oxygen to a sufficiently 
low concentration to prevent a gas explosion within 
the transformer, roughly about 4 per cent oxygen. 
For purposes of comparison, a conventional or mod- 
erately refined oil was used in one transformer. 
The other 2 transformers contained the overrefined 
oil, one with restricted breathing and the other with 
free breathing. The transformers with restricted 
breathing were equipped with a compartment suit- 
able for inserting a dehydrating material to absorb 
the moisture from the inbreathed air and also the 
moisture formed as a product of oxidation. Period- 
ically, the gas space of the restricted breathing trans- 
former above the oil was blown out with fresh air and 
the rate of oxygen removal from the gas space deter- 
mined by means of gas analysis. Knowing the 
volume of the gas space, it was possible to calculate 
the amount of air fed to the transformers during the 
tests. Table III gives a summary of the results ob- 
tained after 15 months’ operation at 75 degrees 
centigrade. 

From an inspection of table III, it may be interest- 
ing to note the large difference in rate of deteriora- 
tion of the overrefined oil with restricted and with 
free breathing, respectively, as indicated by neu- 
tralization and saponification numbers and also by 
60-cycle power-factor measurements. It also seems 
worth noting that the overrefined oil under restricted 
breathing conditions proved to be slightly better than 
the conventional oil under the same conditions. 
By comparison of the results given in tables I, II, 
and III, a fairly close relationship between oxygen 
consumed by the oil and neutralization number is 
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indicated under the conditions of test, at least up 
to the present stage of deterioration, as shown by 
table IV. 

Knowing the approximate amount of air taken 
into a transformer per year, assuming complete con- 
sumption of the oxygen, the degree of deterioration 
of the oi] can be calculated roughly up to the point 
where the neutralization number would change as a 
result of sludge precipitation. Further, since there 
is a fairly close agreement between acidity as indi- 
cated by the neutralization number and the amount 
of oxygen consumed, by use of the results given in 
table IJ, it is possible to get a rough idea of the 
amount of water formed during the course of de- 
terioration. From a consideration of the amount of 
air taken in as a result of extreme temperature 
changes on a transformer with restricted breathing, 
it is possible to calculate roughly the amount of 
dehydrating agent necessary to remove the water of 
oxidation and that contained in the inbreathed air, 
thus insuring high breakdown strength of the oil. 

If the capacity of the overrefined type of oil as a 
means of creating an inert atmosphere is to be used 
to advantage, it is necessary to know something about 
the effect of temperature on the rate of absorption 
or consumption of the oxygen under operating con- 
ditions. Accordingly, during the transformer tests 
a series of runs was made to ascertain the time 
necessary to reduce the oxygen to a safe limit at 
several different temperatures. Typical results of 
these tests are given in figures 2 and 3. By reference 
to figure 2 it may be noted that at 75 degrees centi- 
grade after 72 hours, the removal of oxygen from the 
gas space was practically complete with the over- 
refined oil, while there was still about 5 per cent 
oxygen present with the conventional oil; at 60 de- 
grees, the removal of the oxygen was almost complete 
with the overrefined oil after 96 hours and was still 
about 8.5 per cent with the conventional oil; at 
50 degrees, the cleanup is quite slow, but much 
better with the overrefined than with the conven- 
tional oil. 

As indicated by the curves, the cleanup of the 
oxygen at the lower operating temperatures is too 
slow to guarantee establishment of an inert gas 
above the oil in a reasonably short time after breath- 


Table Ill—Results of Comparative Laboratory Tests on Over- 
refined and Conventional Oils 
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Fig. 2. Rate of oxygen absorption from gas space 

of transformer by conventional and overrefined oils 

at different temperatures 
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ing. Therefore, it was thought desirable to acceler- 
ate the oxygen absorption at'the lower operating tem- 
peratures. Several oxidation catalysts were tried 
on laboratory samples of oil, particularly oil soluble 
metal soaps. Of the soaps tried, cobalt-manganese 
appeared to be the best. This is marketed under the 
trade name of ‘‘Soligen drier’? and is used as a drier 
in paints, varnishes, and the like. Upon completion 
of the laboratory tests, a small amount of this ma- 
terial was added to the oil in the test transformer 
(about 0.002 per cent by weight) and several runs 
were made at 50 degrees centigrade to ascertain its 
influence under operating conditions. Figure 3 
shows the effect of addition of this material on the 
rate of oxygen cleanup. It is found that at 50 de- 
grees with the plain oil, the oxygen concentration 
was still 3.8 per cent after 240 hours, whereas with 
the catalyst present the concentration was reduced 
to 0.4 per cent in 96 hours and to a safe limit in 48 
hours. The writer wishes to point out that the suc- 
cessful operation of overrefined oil in the transformer 
described depends largely on the restricted breathing 
feature. The exhaust valve is so regulated that for 
normal changes of temperature there is no inter- 
change of gas with the outside atmosphere. The 
regulation of the valve will depend chiefly on the 
pressure limits of the tank, but usually is adjusted 
to breathe in at about 1/, pound per square inch 
below atmospheric pressure and exhaust at about 
5 pounds per square inch above atmospheric pres- 
sure. This means that the transformer breathes only 
during extreme temperature changes and that when 
breathing does take place, the resultant oxygen con- 
centration generally will be too low to give an ex- 
plosive mixture with oil vapors or decomposition 
products. 

By reference to table II, it may be noted that the 
ratio of oxygen absorption of the overrefined oil 
and conventional oil was 260 to 1, whereas in the 
transformer tests a ratio of about 3 to 1 was ob- 
tained. The only explanation the writer can advance 
for this difference in the rates of absorption under 
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the conditions of test is the possibility of the effect 
on oxygen concentration or solution of a small 
amount of gum or resin from the transformer insula- 
tion, which might act as an oxidation retarder. 
When new, the overrefined white oils usually are 
characterized by a latent period of oxidation during 
which time very little change takes place in the 
oil and oxygen absorption is very slow. The be- 
havior during this time suggests that there is an oxi- 
dation catalyst accumulating which, when present 
in sufficient amounts, materially accelerates the 
rate of oxygen absorption. Perhaps a chain reaction 
is initiated at this point. The rdle of residual pe- 
troleum resins in acting as retarders in the conven- 
tional type of oil may be their ability to intercept the 
chain reaction in process. To insure cleanup of oxy- 
gen during the early life of the transformer, the oil 
can be oxidized to a degree slightly beyond the 
latent period. A small amount of previously oxi- 
dized oil can be added, which also will hasten the 
initial oxidation. 

This preliminary treatment is not necessary when 
a catalyst is added to the oil. The catalyst can be 
added directly to the oil or can be applied to the 
tank walls of the transformer in the form of an oil 
soluble varnish. There are numerous materials that, 
when added to oil, tend to retard the rate of oxygen 
absorption. For the application just described, 
it is believed to be necessary to use extreme pre- 
caution in the choice of insulating varnishes and 
gums in order to guarantee rapid cleanup of oxygen 
from the gas space. The transformer tests herein 
described were made after the latent period of oxida- 
tion of the oil was passed. 

Field experience on a number of power trans- 
formers with restricted breathing has shown that the 
average amount of air breathed in per year on a 
10,000 kva transformer containing, 5,000 gallons of 
oil is approximately 130 cubic feet. This would cor- 
respond to 0.026 cubic foot of air per gallon of oil 
or 0.0054 cubic foot of oxygen. By reference to 
table III, it is observed that when the oxygen con- 
sumption was 0.158 cubic foot per gallon, the neu- 
tralization number was 0.19, saponification number 
1.76, and power factor at 60 cycles and 25 degrees 
centigrade was only 0.0034. Compared with the 
10,000 kva transformer, this would correspond to 
about 29 years of service, after which the oil is found 
to be in very good condition with indications of an 
extremely long life. By reference to table III it 
may be observed that after admission of 14.08 cubic 


Table !¥Y—Comparison of Data in Tables I, Il, and III 
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feet of air into a transformer containing 18.5 gallons 
of oil a neutralization number of 0.19 was obtained 
for the oil. If it be assumed that the neutralization 


“number is proportional to the oxygen consumed, 
as has been indicated by tests, and that a neutraliza- 
tion number of 1.0 is the upper limit before condi- 
tioning is required, then approximately 20,000 
cubic feet of air would be required to be breathed 
into a 10,000 kva transformer containing 5,000 gallons 
of oil before a neutralization number of 1.0 would be 
reached. On this assumption, with a breathing rate 


of 130 cubic feet of air per year, approximately 154 
years would be required to attain a neutralization 
number of 1.0. Of course, the assumed life would 
decrease with increased breathing rates. Therefore, 


_ the useful life of the oil without conditioning usually 


would be exceptionally long except where loading 
might be quite variable, with resulting extreme 
breathing rates. 

With oxidation permitted as suggested herein- 
before, through restricted breathing, it is practical 
to use a dehydrating material in the gas space to 
remove water formed from oxidation and that which 
enters with the inbreathed air. If the water were 
not removed, it would accumulate in the free state, 


-and when dispersed in the oil would lead to low break- 


down voltage. It might also collect on insulation 
surfaces and result in creepage paths. Here, as in 
the older transformers of this type, moisture is taken 
care of by use of a dehydrating material. By refer- 
ence to table II, it may be found that with 9.1 cubic 
centimeters of oxygen absorbed per gram of oil, 
the water formed was 0.27 per cent. This is equiva- 
lent to about 18.6 pounds of water for each 1,000 
cubic feet of oxygen consumed, or roughly 5,000 
cubic feet of air. The amount of calcium chloride 
required, figuring 100 per cent excess, would be 2.2 
pounds when the breathing rate is 250 cubic feet of 
air per year with an average outdoor temperature of 
20 degrees centigrade and 60 per cent relative humid- 
ity (CaCl, to CaCl,.6H,O). It is apparent that suffi- 
cient dehydrating material can be used so that a 
change would be necessary only about once in 5 years. 
The use of a basic material, such as soda ash, along 
with the calcium chloride is desirable. The alkaline 
material combines with the low-molecular-weight 
organic acids formed during the oxidation. These 
acids are somewhat corrosive, and in solution in the 
oil tend to increase the power factor. Their removal 
therefore is desirable. 

In conclusion, the writer is aware that the use of the 
so-called ‘‘overrefined”’ oils is contrary to present 
American practice, but it has been demonstrated 
that under the proper conditions of operation, this 
oil has very desirable properties. Indications are 
that with the use of the scheme proposed, a trans- 
former can be operated over long periods without 
any service as far as the oil is concerned, and it ap- 
pears that the oil would not have to be conditioned 
throughout the life of the transformer. Further, 
no appreciable amount of sludge would be formed to 
cause overheating. A service test on a 100-kva 
free-breathing transformer revealed that a neutraliza- 
tion number of 4.7 was attained before the accumu- 
lated sludge on the tank walls, core and coils, and 
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Fig. 3. Effect of catalyst on rate of oxygen cleanup 


from gas space of transformer by ‘‘overrefined” oil 


in the ventilating ducts, caused any difficulty. The 
calculated life given hereinbefore is based upon a 
neutralization number of only 1.0. Therefore, it is 
apparent that sludging would not cause any trouble. 
Periodic inspection and changing of the dehydrating 
material would be necessary perhaps every 5 years. 
This, of course, would depend upon the breathing 
rate and the amount of dehydrating material used. 

The foregoing scheme has been shown to be prac- 
tical and to have considerable merit in view of lab- 
oratory tests, service tests in small transformers, 
and, in fact, in several years’ run in power trans- 
formers. However, it is believed that the com- 
mercial development should not be too rapid since 
experience has shown the desirability of additional 
work along the following Jines: 


1. Development of a source of cheaper oil. (The price of oil used 
in the above experiments is about double that of conventional oils.) 


2° 


2. Further study on catalytic materials. 


8. Choice of solid insulation that will not affect the rate of oxygen 
cleanup by the oil. 


It should be pointed out also that one must be 
extremely careful in the choice of oil for this applica- 
tion, since some of the overrefined oils readily pre- 
cipitate gummy deposits on oxidation. White oils 
have been found, however, which form largely soluble 
oxidation products and show far less sediment under 
the conditions of test than oils normally used. In 
order to insure rapid consumption of oxygen from the 
gas space, it becomes desirable to operate a trans- 
former of this design at least 10 to 15 degrees centi- 
grade hotter than the operating temperatures usually 
permitted. 
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Switching Surges 
in Rotating Machines 


The manner in which the turn insulation of 
high-voltage line-starting a-c motors may 
be stressed severely by switching surges is 
described in this paper in such manner as to 
give both a physical and mathematical 
interpretation of the phenomena. The 
importance of the external circuit as well as 
the machine characteristics is illustrated. 
Methods are presented for estimating the 
severity of the stress and the advisable pro- 
tection. Considerable test data are shown. 
The test arrangements are described in de- 
tail, because new methods had to be de- 
vised to obtain the needed data. 


By 
J. F. CALVERT 


MEMBER A.1.E.E. 


F. D. FIELDER 


ASSOCIATE A.1.E.E. 


Both of the Westinghouse Elec. and Mfg. Co., E. Pittsburgh, Pe. 


l.. IS the purpose of this paper to con- 
sider the magnitudes of the voltages that may be 
applied to the armature insulation when the arma- 
ture of an unexcited rotating machine is connected to 
an energized line. In motors built for the lower and 
more usual voltages, there is no problem because the 
amount of turn insulation applied for mechanical 
strength is enough to withstand the usual voltage re- 
quirements. However, on such machines as 13,800- 
volt line-starting motors, this is not necessarily true, 
and some further study is required. This problem 
is one of growing importance because of the desire 
for full line voltage starting of 11,000 to 13,800 volt 
motors, and because of the usual desire to bring all 
rotating a-c machines on the line with a minimum of 
switching complications. 

In the avoidance of dielectric failure, there are 2 
insulations to be considered: (1) The armature in- 
sulation to ground, which can be damaged only by 
an appreciable rise in the voltage to ground; and 
(2) the turn insulation on multiturn armature coils, 
which can be overstressed only by a large and very 
sudden change in terminal voltage. If this change 
in terminal voltage be sufficiently sudden, practi- 
cally all of it will appear across the turns of the line 
coil. Obviously, the voltage conditions will be most 
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severe when the machine is connected to the line at: 


the instant when the line potential is a maximum, 
and the entire armature winding is at zero potential. 


In any event, the insulation to ground will not be: 


overstressed seriously by connecting the machine to | 


the charged line, because no more than line-to-ground 
voltage can be applied and voltage reflections can 
no more than double this. However, if the terminal 
voltage rise very rapidly to approximately the line- 
to-ground voltage, a very high potential will exist 
between the turns of the line coil on a multiturn coil 
winding. It is this latter condition that will be dis- 
cussed in this paper. 
ditions are considered. The test methods are given 
as well as the data obtained, because considerable 
difficulty was experienced in devising circuits that 
would yield the required information, and the testing 
methods may prove useful in future investigations. 


OBSERVATIONS AND CONCLUSIONS 


1. Switching surges occurring when a machine is thrown directly 
on the line may overstress the turn insulation of the line end coils 
on a multiturn coil armature winding. The severity of this stress 
is greatly affected by the external circuit conditions—that is, 
whether the machine is connected to an overhead line, to a cable 
system, or to a transformer. It is affected also by reactors and by 
parallel capacitances to ground. Test and calculated data are pre- 
sented to illustrate these cases and to afford methods of making 
quantitative determinations. 


2. The most severe conditions result if the breaker is closed when 
the line voltage is at its crest value. Test methods were devised by 
which this condition could be obtained on every application of the 
switching surge (see figure 8). This permitted the quantitative de- 
termination of both the rate of rise of voltage and the ‘‘final’”’ value 
attained before reflections returned to the machine; hence this per- 
mitted an actual comparison between test and calculated data. 


3. The initial condition in the switching surge is a standing voltage 
wave with current zero on the incoming lines. In so far as the 
possibilities of damaging the armature insulation are concerned, this 
is fundamentally different from the traveling wave phenomena which 
must be considered in lightning surge studies. In the case of light- 
ning surges, it has been fully demonstrated that for an unprotected 
machine the maximum overvoltage can overstress the ground insula- 
tion, and the maximum rate of rise of voltage can be sufficient to 
overstress turn insulation. However, it is shown in this paper that 
the switching surge resulting from connecting a machine to an ener- 
gized line is not likely to overstress the ground insulation, while the 
possibility of damage to turn insulation is present for multiturn coil 
windings of full line voltage, starting on 11,000 to 13,800 volts. 


4. When the maximum rate of rise of voltage at the machine ter- 
minals is known, the maximum voltage between turns of a multiturn 
coil winding can be computed (see appendix II). From this it can 
be determined whether or not the turn insulation should be protected. 


5. The maximum rate of rise of voltage and the maximum voltage 
attained some time during the first few microseconds can be com- 
puted with satisfactory accuracy by the methods illustrated in figure 
2. For a comparison of calculated and test data, see figures 4, 5, 
10, and 11, and reference 7. 


6. In the calculations the circuit parameters are assumed to be 
true constants, yet for commercial circuits this is not actually the 
case. A study has been made of the differences between test and 
calculated data introduced by the test variations in the individual 
circuit parameters in order to show that the various simplifying as- 
sumptions are fully justified. 


7. Tests show that machine surge impedances are far from constant 
values as functions of time. However, if they are not so considered 
the calculations are greatly complicated, for one then has the choice 
of either representing the machine by a suitable network of lumped 
constants or expressing the machine surge impedance as a function 
of time. The latter method of attacking the problem will give rise 
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Various external circuit con- | 


ee a 


ee 


to the use of integral equations of rather complicated form and lead 
i to very involved results. 
r simple methods of attack and to obtain simple solutions, so that a 
| great variety of circuits can be considered and usable results found 
) without too great an expenditure of time and effort. 
, accurate solutions are obtained by treating the machine as a con- 


It is especially desirable to maintain 


Sufficiently 


. stant surge impedance. This machine characteristic is determined 
~ by the direct measurement of voltage and current at the line end 
where the surge is applied to the machine winding (see figure 3). 


* 8. If a lumped inductance be connected in series with the line and 


the machine winding, then when the breaker is closed it will tend to 
limit the rate of rise of the machine terminal voltage in the same 
manner whether this inductance has been connected in series on the 
line side or on the machine side of the breaker prior to its closing. 
This fact is stated in rigorous terms together with related data in 


- eases II and III of figure 2. 


] 


9. If a capacitance to ground is to be effective in limiting the rate 
of rise of voltage, it must be connected on the side of the breaker 
that is not energized before the breaker is closed—that is, on the 
rotating machine side. This is stated mathematically by cases IV 
and V of figure 2. 


10. If the switching surge result from connecting the rotating 
machine directly to a transformer, the steepness and magnitude of 
the rate of rise of terminal voltage on the rotating machine may be 
very great, because the surge impedance of the transformer can be 
quite low during the first few microseconds (see figure 7). 


11. The protection of turn insulation from switching surges can 
become a problem only on high-voltage line-starting machines. Any 
such machine may have to resist exceptionally high voltages be- 
tween turns. Therefore, it should be sufficiently well insulated be- 
tween turns to withstand the switching surges to which it may be 
subjected, regardless of the circuit conditions external to the arma- 
ture winding. Further than this, the machine insulation should 
have a reasonable factor of safety. The value of this voltage stress 
can be estimated by the methods presented in this paper, and the 
insulation may be designed accordingly. However, it generally is 
believed that successive over-voltage shocks will weaken the insula- 
tion. Also, it is well-known that the dielectric strength will de- 
crease with time, as a result of the slow deterioration of the organic 
binders used in all armature insulations today. Therefore, for large 
and important machines that are to be subjected to severe operating 
conditions, it would be the part of wisdom to have the added safety 
that can be secured from rationally applied protective apparatus. 
It is believed that while generalizations should not be made, neverthe- 
less the methods of analysis presented in this paper should point the 
way to this added protection without showing a serious increase in 
the over-all installation costs, and usually small capacitors con- 
nected to ground from the line terminals of the machine will prove 
sufficient. 


THEORY AND RESULTS 


As a first step in the analysis, a simple electric cir- 
cuit and a hydraulic analogue are considered, as 
shown in figure 1. It will be assumed for the present 
that the breaker (B of figure 1a) does not offer an 
appreciable impedance of any form. Then the clos- 
ing of the breaker so as to connect the line Z,, which 
is charged to voltage E,, to the uncharged line Z» is 
analogous to the opening of the gate (G of figure 10) 
so as to connect the channel reservoir Z, containing 
an incompressible fluid of low viscosity at the height 
E, to the channel Z,. In each case the reservoir of 
potential energy in 7, raised to the height £, is par- 
tially converted into the kinetic energy of flow in 
Z, by a drop in potential or head from E, to Fy. The 
front of E, and that between /, and £; proceed away 
from the junction of 7, and Z, with equal speeds in 
opposite directions, and in actual practice these 
fronts are attenuated or sloped off by frictional or 
energy dissipating effects. 

The foregoing explanation gives a fairly reasonable 
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representation of the phenomena existing during the 
first few microseconds of a switching surge. It is 
shown as case I of figure 2. The derivations of the 
mathematical expressions given as cases I and IV of 
figure 2 have been presented by one of the authors of 
this paper in a discussion of a previous paper.’ 
Figure 2 of the present paper shows several other cir- 
cuits for which the performance has been computed. 
As the methods of derivation are all similar to those 
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(a) 


Fig. 1. 
after breaker B is closed (a) and a hydraulic analogy (b) 


Voltage distribution a few microseconds 


shown in the discussion just mentioned, none will be 
illustrated here. 

In reference 7, test data were presented to illus- 
trate case IV of figure 2, except that for the test the 
machine surge impedance Z, was replaced by a non- 
inductive resistance RK and no breaker was used, 
only sphere gaps. The test and calculated data 
were in very close agreement both as to final value 
and rate of rise. Two values of C were used, one of 
which was 6 times the other. This agreement 
proved the reliability of the methods of calculation 
when the circuit parameters are truly lumped con- 
stants. 

The next question is: How closely will these simple 
circuit constants represent the conditions in actual 
practice, and how closely will the relatively simple 
methods of calculation shown in figure 2 agree with 
tests made to simulate operating conditions? Ob- 
viously, the treatment of a line as a surge imped- 
ance, and of a commercial capacitor as a true capaci- 
tance, is above reproach for such short periods of time 
as are to be considered here. Consideration now 
will be given to the effect of the circuit breaker, the 
treatment of the rotating machine winding as a con- 
stant surge impedance, and the treatment of a com- 
mercial 60-cycle air-core reactor as a lumped induc- 
tance. Unless the effects of these assumptions are 
understood fully, the relatively simple solutions 
given in figure 2 could not be depended upon for 
making reasonably accurate calculations. The ap- 
proximations will be discussed in the preceding order. 

In the tests to be discussed next, a standard 13.8 
kv breaker was used in the circuit. It had a meas- 


7. For all references see list at end of paper. 
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Fig. 2. Voltage and current transients for different circuits, following the closing of the breaker 
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Fig. 2 continued. Voltage and current transients for different circuits, following the closing of the breaker 
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ured capacitance to ground of 0.00032 microfarad, 
which was included in all calculations, and which in 
some instances. had a noticeable effect. 

The effects of assuming the machine surge imped- 
ance Z, to be a constant will be considered now. The 
surge impedance of the rotating machine armature 
winding was measured by applying a surge voltage 
to a noninductive resistor connected in series with 
the machine (see figure 3). Thus, from a determina- 
tion of the voltage applied to the machine and the 
current flowing, the impedance was determined. It 
was anything but constant, with values ranging 
from about 200 or 300 ohms up to 1,000 ohms; and 
yet if easily applied formulas are to be used, this im- 
pedance must be regarded as a constant. It may be 
observed in figure 3 that the surge impedance is fairly 
constant between 1 and 5 microseconds with an 
average value of about 950 ohms, and this is the 
range of primary importance. Using this value and 
referring to case IV of figure 2, the test and calcu- 
lated data are as shown in figure 4. These agree 
well until an appreciable part of the voltage rise 
occurs within the first microsecond, where the ma- 
chine surge impedance is much less than the assumed 
value of 950 ohms. In this range, the machine will 


APRIL 1936 


take more current than calculated, and thus will re- 
tard the rate of rise of voltage somewhat more than 
would a constant machine surge impedance of 950 
ohms. 

Figure 5 shows data for case VI of figure 2. As 
in the examples discussed in the last paragraph, the 
calculated data, in general, errs on the safe side and 
apparently for the same reason. It is reasonable to 
suppose at first that, because the air core reactor no 
longer will act as a pure inductance, this would be a 
contributing factor to the discrepancy between cal- 
culation and test. Figure 6 shows the measured im- 
pedance of the reactor and a calculated impedance 
on the assumption that the reactor acts as an induc- 
tance and capacitance in parallel. (The calculated 
curve has been made a little high for reasons that 
will be made clear in appendix I.) It is apparent 
that during the first fraction of a microsecond or so 
the effective parallel capacitance will by-pass cur- 
rent through the equivalent reactor, thus tending 
to give an even more rapid rise to the voltage than 
if it were neglected. The effects of the 2 simple as- 
sumptions made in accordance with case VI of 
figure 2 are to be considered, namely: (1) that the 
machine surge impedance is taken as a constant 
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value of 950 ohms, and (2) that only the 60 cycle 
value of the inductance is used to represent the re- 
actor. When these are compared with actual condi- 
tions, the actual capacitance between the turns of 
the reactor tends to make the initial rate of rise of 
voltage more rapid than calculated, while the actual 
initial low surge impedance of the rotating machine 
tends to make the initial rate of rise less rapid than 
do the assumptions upon which the calculations are 
based. However, it is believed that the distributed 
capacitance to ground of the reactor is an even more 
important factor. Neglecting this in the calcula- 
tions gives a rate of rise more rapid than it should be. 
Further calculations to illustrate these facts are 
given in appendix I. 

The last test case to be discussed is that shown in 
figure 7a. Here the machine is connected directly to 
a transformer. It may be seen that the rate of rise 
of voltage is tremendously great, and that it is 
marked by severe oscillations. However, in addi- 
tion to the transformer, there was quite a network of 
apparatus between the machine and the generator 
supplying the voltage. The surge impedance meas- 
ured for the supply circuit from the breaker end 
proved to be decidedly variable with time. The 
supply generator contributed little to the effect, be- 
cause practically the same curves as those shown in 
figure 7b were obtained when the generator shown 
on the wiring diagram for that figure was short- 
circuited. 

Approximate calculations can be made for the con- 
ditions shown in figure 7a by assuming a suitable 
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Fig. 3. Surge impedance of a rotating machine 


constant value for the transformer surge impedance. 
The maximum rate of rise can be approximated with 
this assumption, but the oscillations cannot. In 
general, it can be concluded that such a connection 
is not necessarily a very safe one; the possibilities 
for severe stresses on the turn insulation during a 
switching surge seem quite as likely here as with 
other types of external circuits. 

Perhaps the only other feature in figure 2 that re- 
quires further explanation is case VIII. This is in- 
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tended to show a machine being connected to an in- 
coming line or cable in 2 steps. Case VIIIa shows 
the machine or surge impedance Z, being connected 
to the line Z; with a resistance R in series, by the 
closing of B,. This limits the voltage E2, as shown. 
However, before this resistance can be cut out, the 
voltage distribution becomes that shown in case 
VIII0, where Xj” is the subtransient reactance of the 
rotating machine. If it happen then that B, closes 
as quickly as possible after B, but when E, is at crest 
value, then the voltage and current conditions will be 
as shown in case VIIIc. The following numerical 
example will illustrate that for these very high speed 
switching transients, the duration of which is of the 
order of only a few microseconds, a considerable part 
of the beneficial reduction in severity of the rise of 
voltage at the machine terminals is lost even when 
the most suitable value of R is chosen. 


Assume 
Z, = 10 ohms Xq” = 20 ohms 
Z, = 190 ohms R_ = 50 ohms 


Then when the resistance is first cut in (case 
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Fig. 6. Measured 
impedance of the reac- 
tor used in the circuit of 
figure 5. Curves A 
and B show values for 
the corresponding cir- 

cuits 
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of Eo with the machine con- 
nected directly to a transformer as shown in the 


Fig. 7a. Test values 
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Villa), E, = 0.76 E,. During the transition stage 
(case VIII0), E, = 0.93 £.; and when the resistance 
is cut out (case VIIIc), LE.” = 0.77 E, due to the 
transient only. Thus, instead of a sudden rise of 
50 per cent in voltage on each step, it can be more 
than 75 per cent even with the best choice of R for 
the particular machine and line constants assumed. 
It should be observed that the circuit constants 
used in the test arrangements for figures 4 and 5 in 
some respects do not show conditions that are nearly 
as severe for the rotating machine as they might be. 
In these tests it was necessary to use an overhead 
line with a surge impedance of 550 ohms, simply be- 
cause a sufficiently long cable was not so easily ob- 
tained. In actual practice, the impedance might be 
far less with an incoming cable circuit, and the condi- 
tions would be made correspondingly more severe 
for the machine. Thus, if Z, were lower, then not 
only would the “final” value be higher, but larger 
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values of C or L would be required to reduce the rate 
of rise of voltage. 


Test METHODS 


In making the laboratory tests, the problem was to 
close a 60 cycle circuit at the crest of the wave apply- 
ing power from a source to the windings of a machine, 
and to record the first few microseconds of the re- 
sulting transient. Much thought and experimenta- 
tion were required in obtaining circuits that would 
produce results without introducing extraneous ef- 
fects and that would yield duplicate data on repeated 
tests. The circuit that operated most successfully, 
and the test procedure, are described in detail in the 
following paragraphs. 

An established method of recording transient volt- 
ages of circuit breaker operations has been the em- 
ployment of a cathode ray oscillograph equipped with 
a rotating film drum. This method was not suitable 
for these tests, however, because the highest practi- 
cal film speed with a rotating drum represents a time 
scale in the order of 400 microseconds per inch. The 
rate of rise of voltage on these switching surge tests 
was such that a time scale of the order of 1 micro- 
second per inch was required for accurate measure- 
ments. 

When such short-time records are required, it is 
necessary to initiate the timing system of the cathode 
ray oscillograph slightly in advance of the applica- 
tion of the voltage wave in order to obtain the com- 
plete wave. A standard method of securing this de- 
lay is to pass the voltage wave through a suitable 
length of cable. For example, a wave traveling 
through a 250 foot cable will be delayed about 1/2 
microsecond in transmission. However, the direct 
use of a delay cable was not permissible in these 
switching tests, because the 50 to 60 ohm surge im- 
pedance of a cable directly connected to the terminals 
of the machine under test would introduce a major 
change in the external circuit constants and thus 
would modify any data obtained. 
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Fig. 7b. Surge impedance of transformer and sup- 
ply circuit from breaker end 
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Fig. 8. Diagram of connections for test 


Several circuit connections and auxiliary devices 
were tried before good results were obtained. In 
the first attempts the synchronizing of the timing 
system of the oscillograph with the application of the 
60 cycle crest voltage either failed entirely or was too 
erratic in its behavior to be relied upon. In other 
trials the tripping circuits introduced oscillations 
of such magnitudes that correct interpretation was 
impossible. 

The circuit finally employed is shown in figure 8. 
The features of this circuit include: (1) time delay 
for oscillograph operation by means of a cable in the 
tripping system instead of the measuring system; 
(2) high resistance connection from the tripping 
surge to prevent extraneous effects from being super- 
imposed upon the power voltage; (8) synchronizing 
on the crest of the 60 cycle wave with a synchronous 
motor gap; (4) circuit breaker closing replaced with 
sphere gaps on the breaker terminals to obtain the 
effect of closing the breaker without the unpredict- 
able time variation in actually operating the breaker 
contacts; (5) capacitance dividers for measuring 
voltages without introducing undesirable imped- 
ances in the external circuit constants of the ma- 
chine. 

The operation of the circuit was briefly as follows: 
Preliminary adjustments included the preparation 
of the cathode ray oscillograph for operation; the 
starting of the synchronous gap and its adjustment 
to diminish the length of the auxiliary generator gap 
at the positive crest of the 60 cycle wave; the clean- 
ing and adjustment of the breaker 3-electrode gap; 
the application of 60 cycle power voltage to the line 
side of the breaker gap, and its gradual increase to 
2,200 volts. Then the closing of the operating 
switch starts the charging of the auxiliary generator, 
and its negative voltage increases until sufficient to 
flash the synchronous gap in its shortened position. 
The resulting surge immediately trips the oscillo- 
graph timing system, and at the same time passes 
through the delay cable and causes the tripping of 
the 3-electrode breaker gap a fraction of a micro- 
second later. The power voltage follows through 
the breaker gap to the machine terminals, where it is 
measured by the cathode ray oscillograph through 
the capacitance divider system. 
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With details of the circuit properly arranged, it was 
relatively simple to make the various changes in the 
external circuit and secure data for the tests illus- 
trated in figures 4, 5, and 7a, as well as that de- 
scribed in reference 7. In practice, the power volt- 
age burned the breaker gap severely, and this gap 
had to be replaced (by rotation of the spheres) be- 
tween each test. The relatively small capacitances 
to ground of the capacitance divider (0.0004 micro- 
farad) and the uncharged parts of the circuit breaker 
(0.00032 microfarad) were included in all calcula- 
tions. 

Oscillograms typical of those obtained in these 
tests are shown in figure 9. 


Appendix I—Theoretical Consideration of the 
Capacitance Between Turns in an Air Core Reactor 


In the calculations shown for case VI of figure 2 and used in cal- 
culating the curves for figure 5, the most simple assumption possible 
was made for the reactance, namely, that it varied directly with the 
frequency—that is, a pure inductance was assumed. However, 
it was an air core reactor and obviously had some capacitance coup- 
ling between turns and some to ground. It will be assumed for the 
moment that the reactor can be represented by the circuit shown in 
figure6A. Placing L = 0.486 millihenry and q = 0.00006 microfarad, 
a fair agreement with the test impedance is obtained out to 400 
kilocycles, as shown in that figure. It may be noted that q de- 
liberately is chosen a little too large. This will bring out more 


clearly that its influence does not prove to be the cause of the varia- 
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Fig. 9. Typical oscillo- 
grams obtained in the tests 
described in this paper 
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tion between test and the more simply calculated data of figure 5. 
The circuit shown in figure 11 will be considered for the time 
immediately after the breaker is closed. Let 
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It is intended to show the effect of considering the capacitance 
between turns in the reactor by comparing the preceding calculation 
with that obtained by the use of case II or III of figure 2, and with 
test. The test data cannot be obtained directly because some 
capacitance to ground is necessary at the machine terminal when 
measurements are made. For theoretical purposes, there is enough 
test data in figure 5 to permit the desired data to be obtained by 
extrapolation. This is done in figure 10. The desired points are 
those at C = O in the latter figure. These are replotted in the 
test curve of figure 11. Equation 3a is used for curve B of figure 11, 
and case II or III of figure 2 is used to obtain curve A of figure 11. 

From these results one may conclude that the neglecting of the 
capicitance between the turns of the reactor was not an important 
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Figen 1. Test and 2500 
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Fig. 12. A simplified diagram in which the ma- 

chine winding is considered as a line, and electro- 

magnetic and electrostatic coupling between turns is 
neglected 


V,' = voltage; qi.’ = charge per unit length 


matter. The difference between test and calculation in figure 11 is 
ascribable in part to the variation in the surge impedance of the 
rotating machine, which in the calculations has been assumed to 
have a constant value of 950 ohms, as was done in the previous cal- 
culations; but by this process of elimination. the difference in test 
and calculated data shown in that figure must be attributable 
primarily to the distributed capacitance to ground of the commer- 
cial reactor which has been neglected in the calculated data. 


Appendix Il—Voltage Between Turns 
in the Line End Armature Coils 


It was stated earlier in the paper that once the maximum rate of 
rise of voltage at the machine terminals was known, the maximum 
voltage between turns could be estimated. It is intended now to 
review briefly how this may be done. 

First, if the winding be considered merely as a line and electro- 
magnetic and electrostatic coupling between turns be neglected, a 
simplified picture of the phenomena is obtained, as is illustrated in 
figure 12. When the incoming voltage wave has just gone around 
one turn to reach the point A», which physically is directly under A, 
the voltage V; would be that existing between A, and A». Actually, 
however, other voltages and currents are induced in the other 
turns of this line-end coil. To show this more clearly, the turns may 
be redrawn as shown in figure 13, where V represents the voltage 
and g the net charge per unit length. The subscripts indicate 
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the number of the “lines’’ shown in the figure, and the single primes 
are used for waves traveling to the right, while the double primes 
are used for waves traveling to the left. From figure 13, it may be 
seen that the maximum voltage between turns exists between points 
A, and A», and that it is attained at the instant when the waves 
have just come back under themselves. This maximum voltage 
difference will be designated as (Vi! — V2’) max. 

Up to this instant the problem may well be considered as 
transmission lines, with the one discontinuous where the surge 
enters at A;. (The discontinuity in the outgoing line at As is 
neglected, because the charge on the section B; to A, is proportion- 
ately quite small.) It must be pointed out here that this is not at all 
the same problem as having all the lines continuous in both direc- 
tions, because if this were the case g, would have traveled both right 
and left, and the effects on the other lines would have been to leave 
no net charges on them. 


However, it is possible to relate these 2 solutions: (1) the case 


where line 1 is discontinuous, and (2) the case where line 1 is con- 
tinuous; and from this relationship simple solutions for case 1 
are obtained.§ 

Assume that the speed of the wave along the coil in the slotted 
section is 10,000 miles per second, and in the end winding 125,000 
miles per second,?® and assume that the rate of rise of voltage is 
constant during the time required for the wave to travel around one 
turn of the coil; then 


1 21, . MT — 2l, 
“= ye Oe 4 
: ae aos > 
where 
t; |= time in seconds for the wave to travel around one turn of 
the coil 
1, = length of core in inches 


MT = armature mean turn in inches. 
Now assume 
Vy’ nt Gt, (5) 
‘where G is the maximum rate of rise of voltage at the machine ter- 
minals in volts per second. 
Then the maximum voltage between turns 1 and 2 (at A, and A.) is 


(Vi’ — V2") max. = £(G)t (6) 


where £ is a constant depending on the capacitance coupling from 
turn to turn and from turn to ground, and also depending on the 


Fig. 13. Representa- 
tion of a multiturn wind- 
ing where the electro- 


vi static and electromag- 
(hoo Se neticcouplings between 
AaA turns are considered 


number of turns per coil, x. As already indicated, the derivation 
of £b is given in an earlier paper. 

The value £ is shown in curve form in figure 11 of reference 5. 
Figure 15 of that reference shows close agreement between test and 
calculated data obtained by the use of the methods outlined here. 
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Electric Shock 
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Supplementing earlier research progress re- 
ports’ concerning the physiological effects 
of electric shock, the authors here present 
the results of a series of experiments made 
to determine the heart reaction to currents 
of different frequencies. 
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a ee REACTIONS to electric 
shock currents of different frequencies, including both 
interrupted direct current and alternating current, 
have been the subject of a series of laboratory experi- 
ments the results of which are reported here. Inthe 
conduct of the research, dogs, under full morphia- 
ether anesthesia, served as subjects, with the chest 
open in each case and electrodes applied directly to 
the heart. In each test, the minimum current for 
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the given frequency and type of current required to 
produce ventricular fibrillation was measured. 

Conclusions drawn from the results of this investi- 
gation include the following: 


1. That with interrupted direct current the dog heart is most 
readily thrown into fibrillation by currents the frequency of inter- 
ruption of which lies in the neighborhood of 60 per second. 


2. That with interrupted direct current the musculature of the 
heart becomes more responsive as the frequency is increased from 
zero, responding most readily to shocks lying between 40 and 100 
interruptions per second. As the frequency of interruption is 
increased beyond this range the heart is less responsive and requires 
greater values of current to establish ventricular fibrillation. 


3. That with alternating current there is little if any significant 
difference in the reaction of the heart to shocks from 25 and 60 cycle 
circuits. 


CURRENT SUPPLY 


In the tests with interrupted direct current the 
source of supply was a 110 volt direct current 
circuit. The current from this source was inter- 
rupted at regular intervals by means of a motor 
driven commutator type of interruptor. The brushes 
making contact with the commutator were carefully 
adjusted so as to close the circuit for one half of 
each cycle and open it for the other half. The num- 
ber of shocks per second, or the frequency, was 
varied from 2 to 1,200 by adjusting the speed of the 
driving motor. The oscillogram of figure 1 shows 
the wave shape of the interrupted direct current at 
a frequency of 60 cycles per second. A low-range 
direct-current milliammeter, indicating the mean 
value of the current, was used to measure the current 
passing through the heart. The maximum value is 
obtained by multiplying the reading by the factor 2. 

In the tests where alternating current was used, 
the source of supply was a smajl rotary converter 
the speed of which was varied to obtain frequencies 
ranging from 25 to 60 cycles per second. Current 
applied to the animal was taken from the secondary 
of a transformer energized by the convertor. The 
effective value of the alternating current passing 
through the heart was measured by means of a 
copper oxide rectifier and a sensitive direct current 
instrument. The maximum value is given by multi- 
plying the instrument reading by 1.41. 

Series resistors in the circuit were used to regulate 
the value of the current supplied to the heart. A 
special switch, driven by a synchronous motor, was 
inserted in the line to control the duration of the 
shock. In all tests the duration of the current flow 
was maintained at 2 seconds. 


PROCEDURE 


As already stated the animals were placed under 
full anesthesia, and the chest opened, with artificial 
respiration maintained. The heart was protected 
from cooling by the heat from an incandescent 
bulb provided with a suitable reflector. A small slit 
was made in the pericardium at the apex of the 
heart for the insertion of the electrodes. These 
consisted of 2 small needles, 3 millimeters long and 
spaced 2 millimeters apart, which were inserted in 
the heart musculature at the apex.! These needles 
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were provided with insulating shoulders that pre- 
vented their insertion in the heart to a depth of more 
than 2 millimeters. They were mounted in a hard 
rubber holder and backed by springs so that full 
contact could be maintained with the heart. The 
holder was held in the hand during the application 
of the shock. 

While the animal was being made ready, the fre- 
quency was adjusted to the desired value and the 
series resistance set to supply a small value of cur- 
rent. When all was ready the electrodes were in- 
serted and the circuit closed for a period of exactly 2 
seconds, after which the needle electrodes were re- 
moved. The effect upon the heart was noted and the 
current measured. If the shock did not produce 
ventricular fibrillation, the number of interruptions 
per second or the frequency was changed to a new 
value and the test repeated after a suitable interval. 
If the value of current chosen did not cause perma- 
nent fibrillation at any of the frequencies tried, it was 
increased by 0.1 milliampere and the procedure re- 
peated. 

When a current value was reached which at a given 
frequency threw the ventricles of the heart into a 
permanent fibrillation that persisted after the needle 
electrodes were removed, a countershock? was ap- 
plied to recover the heart. This brought the heart to 
rest and beats followed. Following the recovery of 
the heart after the countershock, it was allowed to 
rest for a period of from 10 to 15 minutes or more, 
or until it resumed normal operation. 

Then, to determine the relative irritability of the 
heart, tests were made at other frequencies, using 
the same value of current which had produced per- 
manent fibrillation at the given frequency. In many 
of the tests the heart would fibrillate during the 
2 second period while the circuit was closed, but 
would spontaneously resume normal beating when 
the time switch opened. In such cases the current 
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Table I—Values of Fibrillating Current in Milliamperes 


— — 


Frequency 
Cycles per Interrupted Direct Current Alternating Current 
Second Mean Maximum Effective Maximum 
QO a nme sare OR BZ piace gi. LAOS Sie eo see OES ie. 20; curs 1.14 
AU ek occ ys APF Boog setae diese Paar OM eee CRY fa Ee Pc cc 5 1.00 
BOR Orci oe 0 RS 8 Be ee a eCeies 0 G2n2 Pale an (One Asiwhhaeiorue col 1.06 


values are not reported. In the results discussed in 
the following paragraphs the current values are only 
for those cases where the fibrillation persisted 
after the circuit was opened and the electrodes re- 
moved. It should be noted also that an occasional 
heart was resistant and required either an unduly 
large increase in current or a prolonged application 
of the shock to produce permanent ventricular 
fibrillation. 


RESULTS 


Results of the tests made with interrupted direct 
current are given in figures 2 and 3, the curves of 
figure 2 covering the range of frequencies up to 150 
shocks per second, while the curve of figure 3 shows 
the average fibrillating current for frequencies from 
10 to 1,200 cycles per second. 

In figure 2 the small circles indicate ammeter read- 
ings of the currents that produced permanent ven- 
tricular fibrillation at each frequency. Concentric 
circles indicate that the same current value was 
noted in 2 or more separate tests. The upper and 
lower curves of figure 2 respectively show the maxi- 
mum and minimum fibrillating currents measured, 
and the crosshatched area between them represents 
the range of currents found for the different animals 
studied. The heavy curve drawn through the cross- 
hatched area is the curve of the average current 
required to produce permanent ventricular fibrilla- 
tion. 

In figure 3 the average or mean current curve of 
figure 2 is reproduced and the curve is extended 
to cover the data for the entire range of frequencies 
of interrupted direct current that was studied. 

A study of the results given in figure 2 shows that 
below 10 shocks per second considerable current was 
required to produce permanent fibrillation. At a 
frequency of 2 shocks per second currents of 3 or 4 
milliamperes failed to cause fibrillation; instead 
merely accentuating muscular contractions of the 
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the frequency was increased the heart had greater 
and greater difficulty in keeping pace with the elec- 
trical stimulus until, in the range of 8 to 10 cycles 
per second, it faltered and relatively low values of 
current were sufficient to destroy its rhythm. In- 
dividual animals differed considerably as shown by 
the spread of the results, but the curves show clearly 
that the heart was most sensitive to currents the fre- 
quency of interruption of which lay within the range 
from 40 to 100 cycles per second. In this range very 
small values of current were sufficient to produce 
fibrillation. At a frequency of 60 shocks per second 
the average mean current was found to be 0.31 milli- 
ampere. 

From the curves of both figures 2 and 38 it is evi- 
dent that, as the frequency of interruptions was in- 
creased above 100 per second, more current was 
required to establish fibrillation. At 1,260 shocks 
per second the average current found for the animals 
tested was 4 milliamperes, or more than 12 times the 
value at 60 cycles. 

Results obtained with alternating current at 25, 
40, and 60 cycles are given in figure 4 where the range 
fibrillating current at these frequencies is shown by 
the cross hatched area. As is clearly indicated by 
the spread in the readings, the reaction of individual 
animals to the current differed to an extent even 
greater than was found for the interrupted direct 
current. Also it is evident that a greater value of 
alternating current than of interrupted direct current 
is required to produce fibrillation. This is most 
clearly brought out by comparison of the average 
and maximum values of fibrillating current at the 
same frequencies. These values are given in table I. 

A study of the alternating current results (figure 4) 
shows that the hearts of 25 per cent of the animals 
tested were more easily thrown into ventricular 
fibrillation by 25 cycle currents than by those of 60 
cycles, and that 33 per cent were more sensitive to 
60 cycle than to 25 cycle shocks. In the remaining 
42 per cent of the tests the effects of the 2 frequencies 
were identical. 
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ELECTRICAL ENGINEERING 


Induction Motors Under 


Unbalanced Conditions 


A general equation (17) for the output of 
an induction motor operating under un- 
balanced conditions of applied voltage 
and primary and secondary impedance, is 
deduced in terms of frequency of applied 
voltage, slip, and rotor copper losses. 
General equations for the currents flowing in 
the windings are given in appendix |, from 
which the secondary copper losses, and 
hence the output and torque, may be 
calculated. Special conditions of partial 
unbalance also are considered. 


GG... characteristics of in- 
duction motors operating under balanced conditions 
are quite generally known. It is also known that 
any unbalancing of the applied voltage results in a 
reduction of maximum torque and output, and in a 
reduction of efficiency. This reduction also occurs 
when the constants of the external circuits of the 
motor, such as starting and control circuits, are un- 
balanced. In this latter case, the unbalancing of 
motor terminal voltage is a function of the current or 
slip. It is proposed to investigate these phenomena 
in a quantitative manner. For this, the method of 
symmetrical components is very effective, and a 
proper understanding of the application of this 
theory is desirable. 

The method outlined is quite general in its applica- 
tion, its utility being limited only by the tedious 
algebra involved. It does not take into account the 
effect of unsymmetrical windings, or the modifica- 
tions introduced by slot ratios, such considerations 
being outside the scope of this paper. It could be 
applied to squirrel cage machines by using an 
equivalent 3 phase network for the rotor circuit. 


FREQUENCY OF REACTIONS IN INDUCTION Motors 


It has been shown that when an unbalanced 3 
phase voltage is applied to a 3-phase symmetrical 
distributed induction-motor winding, currents of 
positive phase sequence Jp; and of negative phase 
sequence Ip, flow in the winding. The currents of 
positive phase sequence produce a field revolving in 
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the opposite direction to the field produced by the 
negative phase sequence currents. 

If an unbalanced voltage of frequency w)/27 be 
applied to an induction motor the rotor of which is 
revolving at a velocity of wy»—w, electrical radians 
per second, the positive rotational field produced 
by the currents Jp, in the primary winding will cut 
the rotor at the angular velocity w:, and conse- 
quently induce rotor currents of frequency )/2 7. 
It will be shown later that when the constants of the 
rotor circuit are balanced, the rotor currents Js 
of frequency w,/2m are balanced; but if the con- 
stants be unbalanced, these currents will be unbal- 
anced and may be resolved into the components 
Is; and Js, having the rotor frequency w;/27. Com- 
ponent Js; produces a magnetomotive force that 
revolves in the same direction as the rotor at a ve- 
locity w, relative to it, and hence at a velocity 
w, + wo — w, = wo relative to the stator; that is, 
it is in step with the stator magnetomotive force 
produced by Jp;. But Js. exerts a magnetomotive 
force revolving at velocity — w; relative to the rotor, 
and hence at velocity —; + (wo — a1) = wo — 2a 
relative to the stator. 

Now, coming back to Jp: the magnetomotive 
force it exerts revolves at velocity —w relative to 
the stator, and hence at velocity —w) — (wo — «) 
= —(2w) — w) relative to the rotor. Thus, cur- 
rents of frequency (2w)9 — w:)/2a are produced in 
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Fig. 1. Directions and relative velocities of the 
various magnetomotive forces in an_ induction 
motor to which an unbalanced voltage of frequency 
wo/Qm is applied 


the rotor, which may be unbalanced, thus causing 
further reflections, limited only by the higher 
frequencies. Currents of frequency higher than 
(2w) — w1)/27 will not be considered, since they will 
be of negligible amplitude because of the higher 
reactances offered by the windings to them. 

It may be useful to tabulate the relations between 
the current reactions, in order to be able to correlate 
them more readily when writing the equations to 
determine the performance of the motor; this has 
been done in table I. In figure 1 the directions and 
relative velocities of the various magnetomotive 
forces are shown. Tabulating the reaction fre- 
quencies for the currents considered (those of fre- 
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Table I—Relations Between Current Reactions in an Induc- 
tion Motor to Which an Unbalanced Voltage of Frequency 
w/Qr Is Applied 


Velocity of Corresponding 
Magnetomotive Force 


Relative to Relative to 
Current Frequency Stator Rotor 
OX i Op te (SS a eee EY AT ee eee ete ieee cat) +w1 
Ip2( om Coa i Racers ae EMS CHEE —(2w0 — wi) 
JES ns (2 Ne ag ty Wy of RLSh ys cane owe Oats TNC +o1 
Is2( on +(wo — 2wi)....---- —wi 
er Gy = BO G90) 2 LO. gals apse ote OL 
5a, = ae Qn —(wo — Qwi).......- — (200 — 3w1) 
Isy’ 200 +3w0 — 2w1......... —2w0 — w1 
LAG Se on F = GIONS sete eee ae —(2w0 — ow) 


quency not exceeding 2w) — «), table II is obtained. 
By way of illustration, the frequency of reaction of 
Ip; on Is, is given in the third row down in the 
left-hand column. Blank spaces indicate no re- 
action; for example, there is no reaction of Ip. on 
Ip}. The oscillograms of rotor currents shown in 
figures 2 to 4 indicate clearly how the rotor currents 
are affected by unbalanced conditions. Figure 2 
is for balanced applied voltage and balanced stator 
and rotor circuits. There is a small ripple caused by 
tooth harmonics, but otherwise the current Js is 
the only one present in the rotor. 

- In figure 3, the stator circuit has been unbalanced 
by added external resistance. This introduces 
current Js’ of frequency w’/27, in the rotor, which 
has the same amplitude in all 3 phases as has Js; 
that is, the rotor currents are balanced, and the 
only component of Js’ is Iso’, and of Js, Is. 

In figure 4, the rotor circuit, as well as the stator 
has been unbalanced by added external resistance, 
with the result that the rotor currents are unbalanced, 
Is;, Is2, Is1’, and Iso’ all being present. 

It may seem that Is,’ is designated wrongly by the 
subscript 2, indicating a negative sequence current. 
In this paper, however, a current is said to be of 
negative phase sequence when it produces a field 
revolving in the direction opposite to that of the 
rotor. Hence, when Js’ is balanced, Is,’ is absent. 


GENERAL THEORY FOR UNBALANCED CONDITIONS 


The foregoing considerations permit a mathe- 
matical analysis to be undertaken. The problem is 
one of a symmetrically constructed induction motor 
having unbalanced constants in stator and rotor 
circuits, and having an unbalanced voltage supply. 
Writing the voltage equations for the stator and 
rotor circuits, using the principles of the theory of 
symmetrical components and referring to table II 
if necessary, and taking line-to-neutral values: 


Ep, = Reolp: + Rpolp2 + joo(Lpolp; + Lpolp, + MIs) (1) 
Ep. = Rpilp; = Rpol ps + joo(Lpilp; + Lpol ps ae M132’) (2) 
Es. = Rgolsi + Rselse + jor(Lsols: + Lgols2 + MIp;) = 0 (3) 
Es. = Rslsi + Rss, + jor(Lgils, + Los, + 0) = 0 (4) 
Es\’ = Roolsi'’ + Reel sx’ + jo'(Lgolsi' + Lgotso’ +0) = 0 (5) 
Ego’ = Rglsi’ + Rgol se’ + jo'(Lglgi’ + Lgl ge’ + MIp2) =0 (6) 
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There is no mutual inductance term in equations 
4 and 5, as may be seen by reference to table II. 


Multiply equation 1 by Ip:/m, 2 by Tp2/ w, 3 by 


Ts:/a, 4 by Iso/wo, 5 by Isi’/wo, and 6 by Is2’/wo. 


The results are: 


Epol py £ Rp pulpy i Rpol pal pi 4 


Wo wo WO 


j(Lpol pil pi ar Lpol pal p1 PF MI s:Ip,) (7) 


Epol p2 id Rp pl pe in Rpol pol p2 i 
@W0 @0 wo Pe - 
jLelplp, + Lpol pol p, + MI'selp2) (8) 
Rell, Reolsol, 
o = Ratstss sol gel s1 x 
@) Wi (9) 
Lgl sols, + LgeTsols, + MI pit s:) 
te Rslsilse a Rol sol so 4 
@1 WI 
HL slsils, + Lol gets: +0) (10) 
as Rel si'Ig1’ | Root s2'Is1' 
w! w! 
F(Lgolsi'Ts1! + LseoTse'Is:' +0) (11) 
Oe Revlav'loy rs ee 
@ [) 
JLsLslts.’ + Lgolse’I so’ + MI pelse') (12) 
Table II—Reaction Frequencies for Currents of Table | 
Ipi Ip2 Ts1 Ise Igi’ Igo’ 
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Adding equations 16 to 21 inclusive, 


Ep, Epol. 

Pit Pi a, P24 P2 es P + jQ (13) 
Wo wo 

Here 


QG= (Lpol pil pi) + (Lpol pl p2) + (Lol sls) + (Lsolsels2) + 
(Lol sz'Iso’) + (LgoJsulsi) + (Led pt p, + Lpel pol p,) + 
(Lslsilse + Lyell sts) + (Lglsi'Ls2’ + LgTgo’Ts)') + 
(Lgl so'Is\' + Lglsi'Is2') + MIstp: + Ips) + 


M(Is2'Ip2 + Ip2Ts2’) (14) 


The sum in each pair of parentheses is real, since 


each sum is of the form AA or AB + BA, each of 
which is real. Therefore Q is real and jQ imaginary 
—the reactive volt-ampere input to the motor. 


ELECTRICAL ENGINEERING 


: if 7 = 
RP = i (Reolplp: + Rpolpolp, + Redplp, + RpoI pol p;) + 
: [T T + = 
ss (Rsolslsi + Reolselse + Rolsts, + Roel selsi) + 
: 1 > 
w! (Regols:'Is1' + Reolse'Ig2' + Rslsy'Tso’ + Rselsetsi') (15) 


and this also is real—the watts input to the motor 
divided by w, from equation 13. 
The copper loss in the primary circuit is 


Rpol pp: + Rpolpolp2 + Replp, + Rpolpalp, = lp 


and similar expressions hold for the copper losses in 
the secondary circuit caused by currents Js;, Iso, 


and Is;’, Ise’. The output of the motor is, per 
phase, 
W (input) — (copper losses) 


«yP — (copper losses) 


neglecting the iron losses. Thus, 


Ww 


@) = = 
(= = 1) (Reolsils: + Rsol sels: + Rests: + Rselsots1) + 


a . - 
(= 5 1) (Rol si’Isi' + Reolse'Ise’ + Relsi'Is2’ + 


Roel g2'I's1') (16) 
ak a9 — @ i wo = Is’ (17) 


@) (o>) 


(Ne se (3) 
2 a =P] 
speeds from synchronism to standstill. 


In equation 17, is positive for all motor 


Therefore 


<— / 
the quantity cae, ls’ is the power fed back into 
Oy = 


Fig. 2. Rotor currents in an induction motor with 
balanced stator and rotor circuits and balanced 


0.267 


A 60 cycle timing wave may be.seen at the bottom 


applied voltage; slip = 


the supply circuit. This power is drawn from the 
line through the positive sequence component. 
The torque in pound-feet is given by 


33,000 7pW 
746(27)(60)(wo — w1) 
0.369pW 


(wo — 1) 


Pe eae 
= 0.369p (: = =) 
@) @ 


This is a more general statement of the well-known 
law for the torque of induction motors under balanced 


T = 


(18) 
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conditions: ‘Torque is proportional to rotor copper 
loss divided by the slip.’ Equation 18 states that 
the torque is proportional to 


positive sequence losses negative sequence losses 


corresponding slip corresponding slip 


If the form of the torque-slip curve is desired, 
equations 1 to 6 must be solved for the several cur- 
rents, and their values substituted in equation 18. 

The solution for the general case is given in ap- 
pendix I. The solution for a given condition may 
be obtained from these equations. In what follows, 


Fig. 3. Rotor currents in an induction motor with 
unbalanced stator circuit, balanced rotor circuit, 


slip = 0.05 


A 60 cycle timing wave may be seen at the bottom 


and balanced applied voltage; 


simplifications introduced by special conditions are 
considered. Here, the fundamental equations 1 to 
6 are taken as the starting point, but the same re- 
sults could be obtained from the general solution. 


BALANCED APPLIED VOLTAGE; 
ALL IMPRFDANCES BALANCED 


In. this case; Epo =" Reio= Kp = Ks 
Le, = Lp = Ls = Ls =O) and theo ttndamental 
equations reduced to 


Ep: = Rpolp: + joo Lpolr: + MIs1) (19) 
Ep. = 0 = Rpolp2 + jwo(Lpol ps ar MI 52") (20) 
Esi = 0 = Rogol si + joi(Lygols =F MIp1) (21) 
Eso =O0= Rgolg2 + jor(Lgol se SP 0) (22) 
Eg’ = 0 = Roel si’ + jw’(Lgolsi’ + 0) (23) 
Ego’ = 0 = Rogol ge’ + jw'(Lgol so’ + MIp2) (24) 


From equation 22 Isz = 0, and from 23 Is,’ = 0. 
Combining equations 20 and 24 it is found that 
Ip2 = 0 and Is.’ = 0. Therefore, in equations 20, 
22, 23, and 24, every term is zero, leaving equations 
19 and 21 for consideration. Multiplying equation 
19 by Jpi/wo and 21 by Isi/wo, and adding the 2 
equations so formed, 


Epilpy a Rpolpi'Ip1 | Rel sil si i 
(Ni) 2371) a0 
j[Leoleler + Lyolsls: + MU silpi + Ipilsi)] (25) 
whence the real power input to the motor is 
= Wo 
Reolpl ps + x Rsol ssi (26) 
‘1 


The total copper losses are Rpolpilpy + Rool ssi. 
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Fig. 4. Rotor currents in an induction motor with 
unbalanced stator and rotor circuits, and with bal- 


0.0565 


cycle timing wave may be seen at the bottom 


anced applied voltage; slip = 


A 60 


Subtracting these from the input, the enanile is 
found to be 


Ws (2 = :) Ralala (27) 
1 
and the torque is 
0.369pW; Reoloul, 
jee 0.369p Wi = 0.369p *S0* S141 (28) 
@o — @1 @)) 


Solving equations 19 and 21 for Is), 


Jf —jo,MEp, = E 
Igy "i FREI ic ef AT pa = Epa + jb) 
Hence Is; = Epi(a — jb), and Iss, = Ep,2(a? + 62), 


where a and 0 are functions of the motor constants 
and the slip. 


UNBALANCED APPLIED VOLTAGE; 
ALL IMPEDANCES BALANCED 


In this case, equations 19 to 24 apply, with the 
exception that Ep, has a value in equation 20; 
Iso = 0 and Js,’ = 0, but Ip, and Js.’ are not zero. 
From equations 19 and 21, values are obtained for 
positive power and torque given by equations 27 
and 28; but there is, in this case, a negative term 


Table III—Results of Blocked Torque Tests 


= ——————— on’ 


Current in Torque, 
External Secondary, Pound-Feet 
Line Primary Amperes SE 
Volts Resistance, Impedance Calcu- Ob- 
Applied Ohms Components, Ohms Igi Is2 lated served 
A 2.03 Zp=1.5 + 11.1 
62 ..+B 2.03..Zp, = 0.34 +7 0.58. .28.4..10.00..3.42....3.25 
C0.0 Zp. = 0.34 —7 0.58 
AQU37 Zro= 1 12)-gld ed 
62.3..4B 1.55..Zp,; = 0.2 +7 (0 45253009" 5 5.542 4048)", 4° 69 
CeOl0 Zp: — 0.2 14) Ona 
A0.85 Zpo = 0.73 + jll.1 
61.8..5B 0.91..Zp1 = 0.138 + 7 0.26. .33.2.. 3.72..5.27....5.9 
€0.0) “Zp: = 0.13 — 70.26 
A’0°85° Zpo= 4.5 + 711.1 
1ZO0@er DAO. OL. Zr = 1:0 + 7 1.93: -S1ol aged ta NOS ee oe o8 
C2070 ZP2=1.0 —j 1.93 
A 4.78 Zpo= 3.524 711.1 
126 ..4B 5.34..Z2p, = 0.7 +3 1.54. .37.5..13.7 MOO. eet D 
C0.0 Zp=0.7 —7 1.54 
A 3.22 Zpo = 2.344 11.1 
LIZ: A 12 31387..271 = 0.51 + 7 1:0 ..43°9.218.7 .. 8013. 7.78 
Gi.0.0 Zp: = 0.51 — 7 1.0 
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also in the power and torque equations, for, from 
equations 20 and 24, the real part of Ep2lp2 is 
(Epol p2)real = Reol pol p, + - Rgol s2'T 32! (29) 


The copper losses are, for the negative sequence com- 


ponents of current, RpoIpolp, + Rsolse'Is2’. Sub- 
tracting these losses from the input, 
W, — (= eae 1) Rgol so Iso 
@ 
on eal a Rol s2'I 52! (30) 


as the negative mechanical power. The complete 


expression for mechanical power is 


Rgolsilsi 


Rol s2'I 2! 
W = W, + W;, = (wo = wr) ( a> & = =) (31) 
Wy @ 
and 
Rgol sil, Rol 52'I 0! 
Ti 0.3600 ( S04 S14 $1 = SO = 2) (32) 
@)) w 7 


As pointed out before, the negative sign in equation 
31 indicates that power is being fed back into the 
supply circuit. Since the negative sequence does 
work to feed power back to the supply, the motor 
functions as a phase balancer and as a means of 
supplying mechanical power simultaneously. 

In the equation for torque (82), Ise’ may be de- 
termined from equations 20 and 24; Js; was given as 


Epi(a + jb). From equations 20 and 24, Is. = 
Epo(g + jf). Therefore, since 

Isls: = Epi (a? + b?) and Igo'I so’ = Ep:(g? + f?) 

then 


Ep2*f[(2 — s), ¢] 


where s and c¢ represent slip and motor constants, 
respectively. It is evident from these expressions 
for T, and 7» that, in general, 7,/7, is not equal to 
Ep,;*?/Ep,*, although this is true at standstill. 

The curves in figure 5 illustrate the foregoing 
clearly. They show 7) for positive sequence voltage 
Epi, and JT, for negative sequence voltage Ep». 
Curve, Tsp, is for the case in which Ep, = —Ep, 
so that 


T, = Ep;*f(s, c) and T; = 


Eos = (Erp, — Ep:) = 0, Eos = 
(051470, 866) = BS) = 
(—0.5 + j0.866)Er, — (—0.5 — 


j0.866)(—Hpi) = 


(—0.5 — j0.866)Er, + 
—j1.732Er,, 


Eoc 
4+ j1.732Ep,. 


That is, Lop = —Lyc, corresponding to a single 
phase voltage 2Ep, applied between terminals B 
and C. The curve is, of course, of the form usually 
shown for single phase operation. These curves 
were calculated from tests on a 3 phase motor; 
the calculations are shown in a later section. 

It may be observed that any unbalancing of applied 
voltage has a more serious effect on the starting 
torque than on the pull-out torque. This fact is 
illustrated by the curves of figure 6 calculated for 
the same motor. It is evident also, that if alternat- 
ing current were used for braking purposes, the 
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results might be far from satisfactory if the applied 
voltage were unbalanced. 

The increased heating of the motor on load is a 
more important consideration than the torque re- 
duction. The value of the negative sequence current 
flowing can be obtained by multiplying the nega- 
tive sequence voltage by the standstill admittance 
(considered constant over the motor speed range to 
negative sequence currents). Full voltage im- 
pressed on motors of normal design when locked will 
cause 6 to 8 times full load current to flow; that is, 
they have an admittance of 6 to 8 at 100 per cent 
slip. If these motors were to have unbalanced 
voltages impressed on them such that the negative 
sequence component of voltage amounted to about 
15 per cent of the positive sequence component 
(that is, an unbalance factor of 0.15) there would 
result a negative sequence current equal to full 
load current. Thus, on load, the torque of ordinary 
induction motors is not sensitive to a moderate de- 
gree of voltage unbalance, but their heating char- 
acteristics are very sensitive to such unbalance. 


UNBALANCED APPLIED VOLTAGE; 
PRIMARY IMPEDANCES UNBALANCED; 
SECONDARY IMPEDANCES BALANCED 


Referring to equations 1 to 6, in which Rg, Rs», 
Ls;, and Ls. will be zero for this case, it may be 
noted that Js. = 0 from equation 4 and that Js)’ 
= 0 from equation 5. That is, the only currents in 
the rotor are Js; and Js)’; or, in other words, the 
rotor currents are balanced, but, in general, have 
different frequencies. The torque is given by equa- 
tion 18 where Is, = Is,’ =-0; that is, 


Rgol sl, Rol g2'I 50! 
Tie 0.300 | sol sil si So ss ai 


(33) 


1 (25) 


“TORQUE — POUND FEET 


1.6 2.0 


0 0.4 0.8 : 1.2 
FRACTIONAL SLIP 


Fig. 5. Torque-slip curves for an induction machine, 
showing the effect of unbalanced voltage on a 
balanced machine 
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It is worthy of notice that Js, is no longer a function 
of Ep, s, and c only, but also of Hp3; similarly, Iso’ 
is now a function of Ep;, as well as of Hp., s, and c. 
This may be seen from equations 1 to 6, for, writing 


the necessary equations in the following form, 
Ep, = Zpolpy + Zpolp, — Molgi + 0 (34) 
Ep. = Zplp, + Zpolp,2 + 0 — MTs,’ (35) 
0 = —Mlr, + 0 + ZgIsi1 + 0 (36) 
0 = 0— MIp, + 0 4+ Zz'Ts2' (37) 
where 
Zp = Re + jolre, Ze = Rei + jooclri, 
Zr, = Rea +jolr, Zy = Rs +jols, Z's = Rs + jo'Ls, 
Mo = —joa M, M = —- joiM, and M’ = — jo'M 
there results 
Is, = | Zpo.Zp, Er, O | and Is_’ = | Zpo Ze2 —My Epy| (38) 

Zp, Ze) Ep, —Mo Zr, Ze, O Erm 

—-M, 0 0 0 —M, 0 Zo a0 

CO. AiO aa: 0 -M’ O 0 

A A 

where 
A = ZPo Zp. — My 0 

ZPy ZPo 0 —M’ 

—-M, 0 Zs 0 

0 —M’ O Ze 

Evaluating, 
Sod —Ep,M\(M MM’! — ZpoZs') — Ep2M\Zp2Z5' (39) 
Si (MM = ZepZe ME —ZreZe) eae 
Api —EpiM'Zp.iZs — Ep,M'(MoM, — ZpoZs) (40) 


(MoM’ — ZpZs')(MoM, — ZerZs) — ZeiZpZsZs' 


This is in agreement with the statement commonly 
made in treatises on symmetrical components, 
that: for a balanced network, an applied voltage of 
one sequence will produce current of that sequence 
only, but for an unbalanced network, in general, 
a voltage component of either sequence will give 
rise to current components of both sequences. 


UNBALANCED APPLIED VOLTAGE; 
PRIMARY IMPEDANCES BALANCED; 
SECONDARY IMPEDANCES UNBALANCED 


In this case Rp, = Rep = Lp, = Lp, = 0. From 
equations 1 to 6, it may be seen that currents Jpi, 
Tp», Is1, Is2, Is1', Iso’ all have values, and the torque 
is given by the general equation 18. 

It should be noted that the torque spoken of is, 
in all cases, the effective value. In reality, the 
torque is pulsating whenever the rotor currents are 
unbalanced, that is, whenever the rotor constants are 
unbalanced. One may think of a component of 
single phase torque, caused by unbalance, in this 
connection. The motor, furthermore, will not be 
as quiet when the secondary currents are unbalanced 
as it will when they are balanced. There is a gradual 
increase in the intensity of the hum, from the condi- 
tion of perfect balance to that in which one phase 
of the rotor is open-circuited. 
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TORQUE — POUND FEET 


0 0.2 0.4 0.6 0.8 1.0. 
FRACTIONAL SLIP 


Fig. 6. Torque-slip curves for an induction motor, 
showing effect of unbalanced voltage on a motor 
with unbalanced primary circuit 


BLOCKED TORQUE TESTS 


These tests were carried out on a 10-horsepower 
60-cycle 6-pole wound-rotor induction motor, hav- 
ing a delta-connected primary and star-connected 
secondary. The constants, reduced to equivalent 
line-to-neutral values, were 


Rp 


= 0.146 Rg = 0.275 
wLp = 11.1 als = 4.67 
woM = 6.45 (wo a= 377) 


Blocked torque tests were made with balanced volt- 
age applied and the primary circuit unbalanced 
by added resistance. The currents were calculated 
from equations 39 and 40, which, for standstill and 
balanced applied voltage, reduce to 


I is —Ep,My 

OS I SOA aaa a 
F —EpMZpiZs 

T 32 


~ (MM, — ZeoZs) — ZriZpZsZs!' 


The results are shown in table III. The observed 
and calculated values for torque are in fairly close 
agreement. The neglect of iron losses tends to make 
the calculated values high, but this is compensated 
to some extent by the saturation at higher voltages, 
which makes the actual currents greater than those 
calculated. 


CALCULATIONS FOR SLIP-TORQUE CURVES FOR 
BALANCED Moror; 
UNBALANCED APPLIED VOLTAGE 


In this case equations 39 and 40 reduce to 


—M\Ep; 
MM, — ZpoZs 


—M’'Ep» 


Is = Le 
MM, — ZpZs 


Igo’ = 
which become, for the particular motor under 
consideration 

0.62/266°15's Ep: 
0.293/266°15’ + s 


0.62/266°15'(2 — s) 
0.293/266°15’ + (2 — s) 


Is, aad ry es Nie) 
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The data for the curves are: 


s K s K 
On) 5 os See ESOS areas. tar See Arete vccate 13.3 
0:25. eee 23 <OCerae) bese PAO Oe ae x ies 1Li6 
O38 +o uit ee BOLO Mea wee Sele 1 et orth eh ee aie 10.3 K is defined by 
Of5 ees 26k pee ee The th ae oe AL 9.9 T; = KEp;* 
Oc7 ere ee: PING (as eek obey Lee P aah esd vee 9.4 
LQ rei ae 16.6 


The curves are plotted in figure 5. 


CALCULATIONS FOR SLIP-TORQUE CURVES; 
UNBALANCED PRIMARY; 
UNBALANCED APPLIED VOLTAGE 


The current and torque values were calculated from 
equations 39, 40, and 33. The results are as fol- 


lows: 
s Is: Ig’ 
OOF Rarer cet Oder Ae BP bh "Ale are eee 0.423E — 0.324E 
OR ea ee an eS Onl62ie—lOR045 5 ia eee 0.433E — 0.279E 
ORD epee ge Wiis oie. 022452 —-007ISE oe eee 0.437E — 0.243E 
ONS eer yes se ae 0230725— 02081 RE eee 0.4382E — 0.217E 
ORD Mita reen eller, OO. S6LES—) 0.0978 Baa eae 0.429EF — 0.187E 
OP RE eet OnS86 2 — 02102 ec eee 0.422E — 0.170E 
1 Wal OR ee Re ena OF409:F TOROS: Ea eee eaer nee eee 0.409E — 0.105E 


The slip-torque curves of figure 6 were obtained by 
substituting these values in equation 33. 


Appendix I—Fundamental Equations 
The fundamental equations may be written in the following 
form: 


Ep: = Zpolpi + Zpolp, — Mos: + 0 +0 +0 (1a) 


Ep, = Zpiulp, + Zpolp2 +0 +0 +0 — Mol sg’ (2a) 
Es = —Milp, + 0 + Zgolsi + Zs2els2 +0 +0 = 0 (3a) 
Ex: = 0+0+ Zsls + Zgols2 +0 +0 = 0 (4a) 
Es! = 0+0+0 +0 + Zgo'Igi’ + Zg2'Is2’ = 0 (5a) 
Ego’ = 0 — M’'Ip2 +0 +0 + Zgi’Ig)' + Zg0'Ig2’ = 0 (6a) 
where 

Zpy = Repo + jwolpo Zs0' = Rego’ + jw'Lso 
Zp, = Rp, + joobps Zs = Rg’ + jo'Ls 
Zp2 = Rp» + jool pe Z52' = Rgo! +- jo'Lse 
Zs0 = Rso + jorLso My = —juoM 

Zs = Rg + jorlbsi M, = —ju,M 

Zs. = Rgz + jorlse M' = —jw'M 


Solving by determinants for the currents: 


AIp, = EpyS(ZpoS’ — Zgo’MoM') — EpoZp.SS’ 


AIpp = —Ep,S(ZpiS’ — Zgo’MoM,) + Ep2S'(ZpoS — Zso.MoM,) 
ATs, = EpiZgoMi(ZpoS’ — Zgo'MyoM') — Ep2Zgo.Zp2M,S' 

ATs. = —EpiZgiM\(ZpoS’ — Zgo’MoM"') + EpZs:\Zp2M,S' 

AI s\' = EpiZpiZgo'M'S — EpoZgo'M'(ZpyS — Zso.MoM,) 

AT go’ = —EpiZpiZgo'M'S + Ep2Zgo'M"(ZpoS — Z5>.MoM) 
where 


A = (ZpoS — ZgoMoMi)(ZpoS’ — Zgo'MoM') — Zp,Zp,SS' 
S =) (Zee. — Zeid sa’) 
S = (Zs0" a Z31'Zs2') 
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Appendix II—Notation 


Unless otherwise indicated, or obvious, notation is as follows: M 


Epi, Ep, —Positive and negative sequence components, re- SW 
spectively, of applied voltage 
Es, Ese —Positive and negative sequence components of voltage ok 
in secondary circuit, of frequency w,/27 3(P + 5Q) 
Es’, Eso’ —Positive and negative sequence components of voltage LE 
in secondary circuit, of frequency w’/2m where w’ = 
| 209 — @1 and constants. 
Ipi, Ipe —Primary current components of frequency w,/2r 
Isi, Is: —Secondary current components of frequency w;/27 
Tri, Ips —Primary current components of frequency (w) — References 
20) /2 T 
I si’, Iso’ — Secondary current components of frequency 1. 


(2009 — o)/20 

Rpo, Rpi, Rpz>—Resistance components of primary (including that 
external to motor) 

Rso, Rsi, Rsz—Resistance components of secondary (including that 
external to motor) 


1027-1115. 


New York, N. Y., 1925. 


Discussions 


POLYPHASE NETWORKS, C. L. Fortescue. 


2. SYMMETRICAL COMPONENTS (a book), C. F. Wagner and R. D. Evans. 
Graw-Hill Book Co., New York, N. Y., 1933. 


3. Tue INpucTION Moror (a book), H. Vickers. 


Lpo, Lp, Lp2—Self-inductance coefficients components of primary 
Lo, Lsi, Lgz—Self-inductance coefficients components of secondary 
—Coefficient of mutual inductance 

p —Number of poles 

—Total watts output of motor 

—Torque in pound-feet 

—Volt-ampere input to motor 

—The conjugates of J, E 


Equivalent line-to-neutral values are taken for all voltages, currents, 
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effects with those produced in the labora- 
tory by surge current and voltage genera- 
tors, information of substantial value is to 
be gained. However, only through actual 
field measurements of lightning currents, 
voltages, and wave shapes can the gap be- 
tween field damage and laboratory damage 
be completely bridged. As the author 
points out, ‘‘the practical method now com- 
monly used to measure lightning currents 
discharged through the steel towers of trans- 
mission lines depends simply on the mag- 
netization of magnetic links and their ability 
to retain the magnetization thereof.” This 
arrangement is called the surge crest am- 
meter. 

In steel tower applications of this amme- 


Lightning Currents in 
Field and Laboratory 


Discussion and author's closure of a paper 
by P. L. Bellaschi published in the August 
1935 issue, pages 837-43, and presented 
for oral discussion at the power transmission 
session of the winter convention, New York, 
N. Y., January 29, 1936. 


C. M. Foust (General Electric Co., Schenec- 
tady, N. Y.): The effort of P. L. Bellaschi 
to assemble examples of the destructive 
effects of natural lightning is to be com- 
mended. Through the comparison of these 
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ter measurements have been made of light 
ning currents in tower legs and tower arms, 
and in addition, measurement stations have 
been made on overhead ground wires, tower 
top lightning rods, counterpoise wires 
(buried ground wires), lightning arrester 
down leads, and radio masts. A rough sum- 
mary shows the extent of these measure- 
ments obtained to date to be a total of 1,500 


records. Among these are 873 tower leg 
records involving 365 towers and 294 
strokes. On tower arms 20 records have 


been obtained. Altogether 24 records of 
tower top lightning rod currents and 209 
records of counterpoise currents have been 
collected. Records of 8 strokes involving 
2 strokes to radio towers, and 411 records 
of lightning arrester down-lead surges have 
been reported. These records have been 
accumulated from over 5,000 measurement 
stations. 

Current amplitude measurements were 
shown up to and including 1934 in a paper 
presented before the Great Lakes section in 
1935 “Lightning Investigation on Trans- 
mission Lines-V” (EuEc. ENcG., v. 54, 
Sept. 1935, p. 934-42). In this connection 
the writer would like to ask P. L. Bellaschi 
the basis on which figure 8 of the paper was 
plotted. Did all 3 curves go through 9 rec- 
ords at 50,000 amperes, or is this point 
common to all curves because ratio factors 
were used to reduce each to the same sec- 
tion of the co-ordinate paper. In any 
event, the writer’s records from field meas- 
urements indicate somewhat higher stroke 
currents ranging up to a maximum above 
200,000 amperes, with 50 per cent of the 
strokes at 36,000 amperes. Single tower 
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currents ranged up to 132,000 amperes with 
a 50 per cent level of 30,000 amperes. A 
current of 162,000 amperes was measured in 
a radio tower. 

Probably the most valuable feature of the 
surge crest ammeter method is that current 
values in all parts of a line structure can be 
obtained for a single disturbance. When 
such records are complete the point of con- 
tact of the stroke, the distribution of cur- 
rent in the various members of the line 
structure, and the spreading of current in 
the ground and counterpoise can be ob- 
tained. 


D. D. MacCarthy (General Electric Co., 
Pittsfield, Mass.): P. L. Bellaschi men- 
tions the use of a device for measuring light- 
ning currents which depends upon the hole 
punctured in a piece of paper to give the 
current magnitude. The size of the hole 
punctured in the telltale paper is a measure 
of the spark diameter which is taken as a 
measure of the current discharged. The 
author also makes use of the size of the spot 
burned on the gap plugs of deionizing gaps 
in determining current magnitudes. It 
seems probable that the size of the electrode 
burn is related to the spark diameter in the 
same way as is the size of the hole punc- 
tured in the telltale paper. 

In 1933 calibration curves were made in 
the lightning arrester laboratory of the com- 
pany with which the writer is connected to 
relate the area punctured in telltale paper 
with the magnitude of impulse currents 
which were measured by the cathode ray 
oscillograph. The results for copper elec- 
trodes are given in figure 1 of this discussion. 
These data show that while there is in gen- 
eral a correlation between the area of the 


aupaia 


0.2 0.4 0.60.81.0 ie 4 6 810 20 
AREA , THOUSANDTHS OF SQ IN. 
Fig. 1. Relation of impulse current to area 
of hole in telltale paper 


a 


Copper electrodes were used 


puncture and current magnitude, the 
method does not give accurate results. As 
seen from this figure the magnitude of the 
current corresponding to an individual punc- 
ture may vary by aratio of 10 tol. 

No similar calibration curve published 
in a scientific paper has come to the writer’s 
attention. A device using telltale paper, 
however, has been put on the market. The 
calibration published in the manufacturer’s 
bulletin shows a ratio of 8 or 10 to 1 in cur- 
rent magnitude for a given puncture. No 
doubt P. L. Bellaschi is familiar with this 
calibration. It appears probable that the 
author used a similar calibration curve for 
correlating the size of the burn on electrodes 
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with the magnitude of the impulse current. 
Considering the data in the bulletin just 
referred to, together with those of figure 1 
of this discussion, it seems that only very 
approximate results are obtained when 
either the punctured paper or burned elec- 
trode method is used. It would be of in- 
terest if the author would reproduce the cali- 
bration curve he used. 

It is believed that impulse current magni- 
tude can be measured with an error of the 
order of 10 per cent by magnetic links. Be- 
cause of the difference in accuracy and be- 
cause of other reasons given in K. B, 
McEachron’s discussion of the paper it seems 
that the agreement between the data of 


curve A, figure 8 of the paper, and that of | 


curves B and C is largely fortuitous. It 
would appear that the author does not have 
sufficient data to establish an average curve, 
particularly if the method he uses gives a 
possible variation of 10 to 1 in current meas- 
urement. 


K. B. McEachron (General Electric Co., 
Pittsfield, Mass.): P. L. Bellaschi has 
referred to the repetitive or multiple stroke. 
Much of the data obtained with reference 
to fusing of wires or the crushing of conduc- 
tors as a result of the “pinch effect’ is 
doubtful, from the point of view of current 
magnitude, because the number of strokes 
involved is not known. Since the time of 
application is a very important factor in de- 
termining the total heating from a current 
wave of any given crest, it is usually pos- 
sible only to state an upper limit of the cur- 
rent, while the actual value based on heat- 
ing or crushing effects will be in considerable 
doubt. By far the best method of deter- 
mining the crest value of current will be 
through the use of some instrument whose 
registration is not dependent upon the time 
of application. 

Although direct data are lacking it seems 
very probable that fires are more certain to 
result from multiple strokes than from 
single strokes unless explosive gases are in- 
volved. Conversely, severe shattering, 
without burning of wooden objects which 
are inflammable, is probably due to single 
strokes of large current magnitude. 

There is, of course, plenty of evidence to 
show that the wind may blow the ionized 
path of a lightning discharge along so that 


‘succeeding discharges are displaced. A 


wind velocity of 45 miles per hour corre- 
sponds to 66 feet per second. Probably the 
shortest interval of time between successive 
strokes reported to date is 0.0026 second 
(see “Photographing Lightning with Movie 
Camera,” A. Larsen, Sci. Am. Supplement, 
1907, p. 26200-202) and the longest is 0.16 
second (see ‘‘Multiple Lightning Strokes,”’ 
K, B, McEachron, Erec. ENGG., v. 53, 
Dec. 1934, p. 1633-37). Thus, the present 
known limits of distance are from 0.17 feet 
to 10.5 feet with a 45 mile per hour wind. 
It seems, therefore, that if the first stroke 
contacted a line or ground wire, succeeding 
strokes would probably do the same, but 
the discharge might shift from conductor to 
conductor or from ground wire to line con- 
ductor. The results outlined in the writer’s 
paper, just referred to, show clearly that 
more than one phase may be involved suc- 
cessively in a multiple stroke. The state- 
ment by P. L. Bellaschi “that multiple 
strokes of lightning actually may strike the 


ground at places apart’’ is probably true 
only if the ground is without high projecting 
conducting objects at that point. More 
interest is involved in whether multiple 
strokes, once in contact with a relatively 
high conducting object such as a tree, 
lightning rod, transmission line, or tall build- 
ing, is likely to transfer from such an ob- 
ject during the interval of time between 
successive strokes. The data thus far in- 
dicate that such a transfer is unlikely. 

The author states also that the “first dis- 
charge is apparently the most intense and — 
severe,” but the writer does not believe that 
there is sufficient data as yet to support 
such a statement. It is the writer’s hope 
that P. L. Bellaschi will disclose the source 
of his supporting data. 

The author’s method of measuring cur- 
rent from the appearance of burns on elec- 
trodes of deionizing gaps does not seem to 
lend itself to very satisfactory results from 
the point of view of accuracy. In figure 8 
of the paper, the author shows curve A, 
which has been labeled ‘‘direct or near direct 
strokes of lightning at distribution trans- 
formers.”’ Apparently the number of trans- 
formers involved multiplied by the number 
of years equals 4,000. It is also presumed 
that each transformer was provided with 2 
deionizing gaps. It is not stated, but it is 
further presumed, that the results plotted 
are to represent the current through a single 
deionizing gap. However, in order to be 
able to draw a comparison, as the author has 
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Fig. 2. Comparison of magnitude of light- 
ning currents as ascertained from 3 different 
sources 


A, B, and C are the same as the curves in figure 8 of the 
peper, except that they are plotted in per cent 


done, stating that ‘“‘the magnitude of the 
lightning stroke currents plotted to date, as 
determined from the various methods dis 
cussed, are substantially of the same order,”’ 
it is necessary that the data be comparable, 
but this does not seem to be the case. 
Since the number of lightning discharges is 
plotted, it is necessary for comparison pur- 
poses that the number of installation years 
be the same, and the data taken on the same 
basis. Curve B of figure 8 of the paper ap- 
parently is plotted from table V of the 
Sporn and Gross paper, ‘“‘“Expulsion Protec- 
tive Gaps on 132 Ky Lines” (ELxec. ENGG., 
v. 54, Jan. 1935, p. 66-78), the data being 
taken directly without making any correc- 
tion for the number of installation years. 
Magnetic link data were taken on 270 
towers, and the data are for one year, thus 
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the number of installation years are 270, 
and a multiplying factor of 14.8 should be 
used to put the data on the same basis as 
that reported by P. L. Bellaschi for 4,000 
transformer years. The result of this cor- 
rection is shown in curve B’ of figure 1 of 
this discussion. A similar sort of correction 
should be applied to the data which appears 
as curve C of figure 8 of the paper. 

It is very doubtful that comparisons can 
be made on such a basis anyway, since the 
fundamental data have been obtained under 
different conditions and treated differently. 
As an illustration, Sporn and Gross meas- 
ured the current in the transmission tower 
leg, and listed in their tabulation, in the 
paper just referred to, only the highest tower 
currents obtained, although several towers 
may have passed current. Then, based on 
the traveling wave theory, they arrived at 
a stroke current which is always larger than 
the tower current. 

Thus, in one case 83,000 amperes in the 
tower becomes 130,000 amperes in the 
stroke. P. L. Bellaschi, however, seems to 
be using the current through a single deion- 
izing gap without making a corresponding 
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Fig. 3. Comparison of magnitudes of dis- 
tribution lightning arrester discharge cur- 
rents as ascertained from 3 different sources 
A—Curve A of figure 8 of the paper 

B—From data of K. B. McEachron and W. A. McMorris 
C—Same data as for B, but on assumption that the total 


current through 2 arresters is twice the current through 
1 arrester 


All curves are based on the assumption of 4,000 trans- 
former installation vears 


correction to arrive at the stroke current. 
In curve B of figure 2 of this discussion the 
writer has plotted data supplied by W. W. 
Lewis and C. M. Foust and corrected to 
4,000 installations, showing what would be 
obtained if all of the tower currents believed 
to be involved in a stroke are added to- 
gether and assumed to equal the direct 
stroke current. These data are for the same 
installations and the same year as that 
shown in table V of the Sporn and Gross 
paper referred to previously. 

A much better comparison of these differ- 
ent results may be obtained if they are 
plotted on a percentage basis as in figure 3 
of this discussion. This eliminates the 
effect of the number of installation years, 
but removes from consideration the fre- 
quency of occurrence. Moreover, it does 
not make any compensation for the error in- 
volved in comparing currents through a 
protective device on a distribution circuit 
and the estimated direct stroke current 
based on measurements of currents through 
tower legs. 

Perhaps a comparison between the re- 
sults obtained using the magnetic link to 
measure the current through distribution 
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lightning arresters (see ‘‘Discharge Currents 
in Distribution Arresters,’’ K. B. McEach- 
ron and W. A. McMorris, ELEc. ENGG., v. 
54, Dec. 1935, p. 1895-99) and those shown 
by the author as being discharged through 
deionizing gaps would be of interest. If a 
correction is made for the number of instal- 
lations, these can be put on a comparable 
basis, since they are presumably measuring 
the same quantity, namely, the current 
through a lightning protective device asso- 
ciated with a distribution transformer. 
Such a comparison is shown in figure 4 of 
this discussion, the magnetic link data hav- 
ing been adjusted to 4,000 transformer 
years. Since it is not certainly known 
whether P. L. Bellaschi used the current 
through 1 or 2 deionizing gaps in determin- 
ing curve A of figure 8 of the paper, the 
writer plotted also in figure 4 of this discus- 
sion another curve in which it is assumed 
that the total for both arresters would be 
double that found in one. Using either 
curve to compare with the curve of the au- 
thor, it is clear that the comparison is not 
very good unless the low values obtained 
by the author and the high values with the 
magnetic links are discounted. There may 
be some slight justification for this on the 
basis that in adjusting the 871 transformer 
years to 4,000 years it is assumed that the 
number of readings would be increased by 
the factor 4.59 which takes no account of the 
possibility of some higher current than 
17,000 amperes occurring during the addi- 
tional years. There is no doubt that a se- 
vere direct stroke of 100,000 amperes or 
more will occur sometime, which indicates 
that with data covering a long enough pe- 
riod of time, the frequency of such an oc- 
currence can be obtained. At the present 
time the data with the magnetic links on 
distribution gives no evidence of such fre- 
quency. 


P. L. Bellaschi: In reply to the questions 
K. B. McKEachron raises, observations! of 
over 200 discharges indicate the first dis- 
charge of a multiple lightning flash is usu- 
ally much more intense than the succeeding 
ones in the series. Out of a total of 65 
flashes to ground, 50 per cent were single 
discharges. Values of time interval be- 
tween successive discharges in multiple 
lightning!.? range from 0.0006 second to 
0.53 second. 

Records of the 33 multiple lightning 
flashes show that the successive discharges 
in each series follow the same path to 
ground. Other field observations®*® indi- 
cate that successive discharges actually 
may strike the ground at places apart. 
More field data will be required before the 
relative frequency of these 2 behaviors can 
be established. There is also supporting 
evidence which indicates that a strong wind 
movement may shift the ionized path of the 
lightning channel. As K. B. McEachron 
suggests, this effect may result in shifting 
the point of incidence on successive dis- 
charges of lightning from the overhead 
ground wire of a transmission line to the 
line conductors. 

Therefore, with due weight given to the 
above-stated characteristics of lightning, 
valuable data on lightning currents are ob- 
tained from the field records on the fusion 
and crushing of conductors. These deduc- 
tions are stated in the paper. 


C. M. Foust states that the use of the 
magnetic link to measure crest values of 
surge current is in supplying many field 
records. In view of the complexity of the 
lightning stroke discharge, the probable re- 
versal of the currents, and other effects, the 
magnetic link is susceptible of erratic re- 
sults. It gives no indication of the duration 
or nature of the current discharge. For 
these reasons it is inadvisable to depend 
solely on this method. 

D. D. MacCarthy presents limited data 
on puncture tests he has made on paper with 
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Fig. 4. Comparison of magnitude of light- 
ning currents as derived from 3 different 
sources, and showing the result of a different 
interpretation 
A, B, and C are identical with corresponding curves in 
figure 8 of the paper 
B’ and B” are plotted from the same data as B, but inter- 


preted differently and corrected to 4,000 transformer 
installation years 


surge currents from about 1,000 to 10,000 
amperes. He gives no information on the 
method of measuring the size of hole punc- 
tured, the kind of paper used or other per- 
tinent data on the test, but from the meager 
data given he concludes that surge current 
measurements with the device mentioned 
in reference 8 of the paper or from a com- 
parison of electrode burning are in error to 
the abnormal amount he gives. In fact, 
the proper use of 2 metal disks separated 
with thin paper of proper quality, in addi- 
tion to adequate calibration of the hole 
punctured by means of a densometer, has 
given more dependable results than D. D. 
MacCarthy can claim from his limited 
tests. 

In the paper, however, one of the meth- 
ods considered in determining lightning 
currents in the field has been to compare the 
surface burning produced on the plugs of 
deionizing gaps with similar effects pro- 
duced with known currents in the labora- 
tory on corresponding metal surfaces. A 
comparison of the amount of surface spread 
and beading enables one to establish the 
magnitude of current with a degree of ac- 
curacy comparable to or not much different 
from that of the other methods now avail- 
able. 

Curve A in figure 8 of the paper gives 
currents established from the effects pro- 
duced by the lightning stroke discharge at 
distribution transformers. Such effects are 
the surface burning of the electrodes or 
plugs of deion gaps, other evidences of sur- 
face burning to line conductors and dis- 
charge paths, shattering of fuse cutouts and 
other effects or damage. The 4,000 trans- 
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former years refer to surge proof trans- 
former installations. Additional data on 
lightning stroke discharges to these trans- 
formers indicate even higher values than in 
curve A. 

It is pertinent that since the development 
of the surge proof distribution transformer, 
in which case the fuse cutouts are eliminated 
from the line and the deionizing gaps are 
designed to discharge currents of lightning 
stroke intensity, direct strokes at these 
transformers have been effectively dis- 
charged to ground. This ability of the 
surge proof distribution transformer to 
handle direct strokes has been substantiated 
further by laboratory tests with current dis- 
charges corresponding to those produced by 
the more severe lightning strokes. 

The 3 curves in figure 8 of the paper have 
been replotted in figure 5 of this discussion, 
with the following additions: curve D refers 
to the recent data® by W. W. Lewis and 
C. M. Foust recorded on high voltage lines 
using magnetic links; curve E gives the 
lightning stroke currents determined by 
Harald Norinder? using a vertical antenna 
and cathode ray oscillograph measurements 
of the magnetic induction produced therein 
by the lightning current discharge. All 5 
curves are plotted on the basis of approxi- 
mately 50 random discharges of lightning 
currents. They show the relative distribu- 
tion for various current intensities. 

K. B. McEachron has replotted the data 
of figure 8 of the paper in a number of ways, 
but it seems to be unnecessary, since the 
purpose of the curves is to compare separate 
sets of data on lightning currents for their 
relative distribution of intensity. Given 
a substantial number of lightning stroke 
currents, what is the relative distribution 
of the current intensity? The answer is 
indicated in figure 8 of the paper, and even 
more fully from the 5 curves of figure 5 of 
this discussion. In all cases the curves 
refer to current measurements recorded on 
highly exposed electrical circuits or in the 
channel of the stroke itself. The plotted 
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Fig. 5. Additional comparisons of magni- 


tude of lightning currents 
A, B, and C are identical with corresponding curves of 
figure 8 of the paper 


D—From recent data of W. W. Lewis 
E—From cathode ray oscillograph measurements 


values refer to the lightning stroke currents. 
With more data additional refinements can 
be made in such comparison. 

To answer C. M. Foust’s question, curves 
A, B, and C pass through a common point 
at approximately 50,000 amperes as a mat- 
ter of incident. The writer agrees and, in 
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fact, has already stated in previous corre- 
spondence’ that the curves in figure 8 of the 
paper and figure 5 of this discussion can be 
appropriately plotted on a per cent basis. 

In conclusion, each of the several and 
different methods now available for investi- 
gating lightning stroke currents is valuable 
since each is capable of giving data supple- 
menting those of the others. The combina- 
tion of all the methods with due weight to 
each will enable greater and more rapid 
progress in the solution of the lightning 
problem. 
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Economical Loading of 


Underground Cables 


Discussion and author's closure of a paper 
by E. A. Church published in the Novem- 
ber 1935 issue, pages 1166-72, and pre- 
sented for oral discussion at the power 
transmission session of the winter conven- 


tion, New York, N. Y., January 29, 1936. 


C. W. Franklin (New York Edison Com- 
pany, Inc., New York, N. Y.): There can 
be no question that the fact of cyclic load- 
ing deserves due recognition in the calcula- 
tion of underground cable ratings, but 
there may be some question as to the 
lengths to which refinement of calculation 
can be carried with profit, for generally the 
closer the approach to rigorous analysis, 
the more complicated and tedious these ad- 
justments become. Although an almost ex- 
act calculation of cable temperatures can be 
made for any given set of reference condi- 
tions, it is essential to recognize the wide 
variety of reference conditions which any 
one feeder encounters in its route, and even 
more important, the many factors which are 
not known definitely, simply because it is 
utterly impracticable to make the numerous 
measurements. Certain elements of these 
reference conditions are: the season of the 
year; location as related to foreign heat 
sources; composition and moisture content 
of surrounding earth; size and configuration 
of duct bank; inner or outer position of duct 
in bank; nonuniformity of thermal resistiv- 
ity and dielectric loss; size and loading 
characteristics of cables in common duct 
bank. 


The author has pointed out in the latter 
part of his paper that for various standard 
sizes of cable certain duct bank sizes give 
minimum overall investment per unit of 
capacity when arbitrary thermal limits are 
set up. The writer too has made similar com- 
putations and has arrived at approximately 
the same evaluations. There is, however, 
another important factor involved in the 
complete economic picture of the problem, 
and that is the optimum level of mainte- 
nance. Investment furnishes only the in- 
dex to the fixed charges. 

This factor of maintenance cost is a phase 
of the unanswered question of the relation 
between cable failure rate and operating 
temperature. Could not cable loading and, 
consequently, temperature be increased ap- 
preciably above present A.I.E.E. standards 
even at a possible expense of accelerated 
failure rate, with a resultant decrease in 
overall unit cost? In view of the long life 
of cable and duct, and the preponderance of 
fixed charges over maintenance expenses 
and cost of losses, there is an excellent pros- 
pect that ‘‘putting”’ the investment to work a 
little more strenuously and accepting, if 
necessary, a somewhat shorter cable life will 
prove distinctly economical. It should be 
remembered, however, that the permissible 
increase in failure rate is limited by practi- 
cal design considerations for a given system, 
and that limitation is dictated by that rate 
which necessitates further reserve in other 
feeders and equipment. 

F. M. Clark’s paper, ‘“‘Pyrochemical Be- 
havior of Cellulose Insulation’ (see ELxc. 
ENGG.,, v. 54, Oct. 1935, p. 1088-94) ap- 
pears to be an important contribution to the 
great fund of information which will be re- 
quired eventually to answer the question of 
cable performance at higher copper tem- 
peratures. Within the past two years, the 
company with which the writer is connected 
has pursued the problem by means of tests 
on completed cable. With continuous ex- 
citation at normal voltage daily load cycles 
were applied, first in the laboratory and 
later in the field, to limited amounts of 15 
kv paper insulated cable of one particular 
size and type. The laboratory tests indi- 
cated 100 degrees centigrade as the ap- 
proximate upper limit of copper tempera- 
ture which could be endured by these sam- 
ples without visible evidence of deteriora- 
tion of the paper tapes. ’ The field tests, 
therefore, are being made with a load cur- 
rent which produces about that tempera- 
ture. No further statement concerning re- 
sults will be made at this time inasmuch as 
the field tests still are in progress. 

With reference to the conclusions of the 
author regarding the economical size of duct 
bank, it might be added that new duct 
banks constructed with inner ducts are to 
be avoided, except perhaps in specific loca- 
tions where construction to a width of 2 
ducts would be markedly more expensive. 

Often it happens that the route of a par- 
ticular feeder encounters but a few sections 
of duct where, because of unusually large 
and heavily loaded duct banks or because 
of external heating, the duct temperatures 
are, say, 5 or 10 degrees higher than those 
of the 100 or more remaining sections. 
Economy dictates that the feeder should be 
rated without regard for these few hot sec- 
tions, for otherwise almost the whole invest- 
ment in the feeder would be forced to a lower 
level of utilization by the insignificant in- 
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vestment in a few sections. If the added 
risk of failure in these few sections could 
not be tolerated, the cost of replacement 
with cable of greater cross section could 
well be afforded. 


G. B. Shanklin (General Electric Co., Sche- 
nectady, N. Y.): E. A. Church’s paper is 
one of the most valuable contributions to 
the subject of underground cable loading of 
recent years. It practically completes the 
work on loading of cables in ducts, initiated 
by an Edison Electric Institute committee 
some years ago. The committee work was 
empirical and based on actual field surveys 
throughout the country under typical cen- 
tral station load conditions. The author 
expresses these empirical results in mathe- 
matical form, and there is-close agreement 
between his theoretical method and the com- 
mittee’s actual field surveys. 

The committee’s work resulted in stand- 
ard loading tables for typical daily loads of 
from 50 per cent to 100 per cent load factor. 
Within this range the author’s theoretical 
method is not needed. Its real value is that 
it will allow us to determine loadings under 
special conditions not covered by the stand- 
ard tables; namely, for very low load fac- 
tors and for emergency overloads. 

In general, the author’s conclusions are 
verified by this previous work. The writer 
participated in this, and any differences of 
opinion he may hold are not based upon the 
mechanics of procedure but upon interpre- 
tations of some of the safe limiting factors. 

The writer fully agrees with E. A. 
Church’s contention that it is not economi- 
cal and not even good engineering to group 
closely a large number of loaded cables. His 
recommendation to limit the group to 12 
cables or less is sound. 

His conclusion that excessive duct tem- 
peratures are likely to bake out the sur- 
rounding soil and cause trouble is sound 
also, but his limit of 50 degrees centigrade 
idle duct temperature seems a little low, ex- 
cept possibly for very porous soils such as 
pure sand. I would rather set the limit as 
50 degrees centigrade for the outer surface 
of the conduit structure in actual contact 
with the soil. On this basis, tables V and 
VI of the paper seem to agree more closely. 
In this connection, care must be exercised in 
applying American temperature limits to 
cable buried directly in the earth. Euro- 
pean engineers learned years ago about the 
dangers of baking out soil, and reduced tem- 
perature limits for buried cable accordingly. 

The author seems to feel that existing 
A.I.E.E. temperature limits for solid type 
impregnated paper cable are conservative. 
In this the writer cannot agree. They are 
from 5 to 10 degrees above safe limits, and 
not only do present limits result in rather 
high soil temperatures, as pointed out by 
the author, but also they result in an exces- 
sive burden on the lead sheath of thoroughly 
impregnated modern cable. Operating rec- 
ords show this rather clearly, for there are 
many lead sheath splits and many duct- 
mouth and expansion-bend sheath failures 
developing. Better lead sheath will not 
entirely cure this type of trouble. 

Another characteristic of American load- 
ing practice, that of giving increased winter 
load ratings up to the maximum allowable 
copper temperature, requires careful con- 
sideration. For 100 per cent daily load fac- 
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tors this practice is not objectionable but 
for smaller load factors it causes a corre- 
spondingly greater fluctuation of daily tem- 
perature, thus placing a greater burden on 
the lead sheath and aggravating void for- 
mation and ionization deterioration. Either 
the present A.I.E.E. temperature limits 
should be decreased or maximum loading 
should be determined on the basis of maxi- 
mum allowable temperature range, rather 
than on maximum temperature. 

The author describes 2 methods of taking 
care of emergency overloads. One is con- 
servative and the other is liberal. The con- 
servative method never allows the emer- 
gency overload temperature to exceed 
standard A.I.E.E. temperature limits while 
the liberal method allows such an excess. 
The writer is glad to see that the author 
follows the customary, or conservative, 
method. All classes of insulated electrical 
apparatus are involved in the principles at 
issue, and the writer would not like to see a 
national body such as the A.I.E.E. adopt 
the so-called liberal method, because even- 
tually the limits would become more liberal 
and manufacturer and operator would suf- 
fer alike. 

No operator can be criticized for disre- 
garding temperature limiting rules in an 
emergency that absolutely demands it, but 
the changing of well-established rules to 
meet such emergencies is a very different 
matter. 


Herman Halperin (Commonwealth Edison 
Co., Chicago, Ill.): The author is to be 
congratulated on having developed an ac- 
ceptable and mathematically exact method 
of determining the ratings of cables under 
cyclic loading. The calculations required, 
however, are laborious. It seems that 
ratings under cyclic loading may be deter- 
mined with equal accuracy by simpler 
methods. 

The thermal characteristics of the con- 
duit and surrounding soil are exceedingly 
variable. The type of soil, the amount of 
moisture it contains, the number of ducts 
and cables in the conduit, and the conduit’s 
depth below the surface largely control the 
thermal resistance of the duct structure. 
All these factors usually vary widely along 
the route of any underground line. The 
condition of the soil likewise varies widely 
with the seasons. In order to determine ac- 
curately the maximum capacity of a line, it 
is first necessary to know the thermal char- 
acteristics of that part of the conduit along 
the route of the line where the characteris- 
tics are the poorest. The thermal charac- 
teristics of the conduit may vary as much as 
50 per cent to 100 per cent at a given loca- 
tion during a year, with no change in 
cables. The necessary information on ther- 
mal conditions in conduits can be obtained 
only by continual field surveys of duct tem- 
peratures. The nature of the data as 
found in Chicago does not justify the exact 
computations proposed by the author. 

In the company with which the writer is 
connected a group of 4 men make con- 
tinual surveys of thermal conditions in the 
underground system and do allied work in 
the office. It has been found from many 
years of experience that the duct tempera- 
ture over a period of 24 hours usually does 
not vary more than 1 or 2 degrees centi- 
grade, even though the load varies from 


hour to hour. The duct temperature can 
be calculated easily from the average 24- 
hour power loss of the cables in the conduit, 
together with the data on the thermal re- 
sistance of the conduit obtained from tem- 
perature surveys. The accuracy is as high 
as may be obtained feasibly by any method. 

Another accurate approximation is used 
in calculating the rise of the temperature of 
the cable above that of the duct. For 
Chicago conditions, it has been found that 
the maximum copper temperature can be 
calculated by assuming that the average 
value of the load over the 3 hour period 
when the daily load is highest gives the 
same temperature rise as the actual cyclic 
load. The accuracy is about the same as 
the accuracy obtained by the use of exact 
methods. The method was developed from 
analysis of typical load curves. 

The foregoing indicates the methods by 
which line ratings, maximum copper tem- 
peratures, and duct temperatures can be 
predicted with dependable accuracy for 
lines under cyclic loading in the under- 
ground system of the company with which 
the writer is associated. The method is 
much simpler than E. A. Church’s harmonic 
analysis and the amount of field data re- 
quired for best results is the same in both 
cases. By maintaining an accurate and 
continuous check on cable temperatures in 
Chicago, the maximum use of the invest- 
ment in underground lines is obtained. 

It has been recognized for some time in 
Chicago that it is not the continuous rating 
but the emergency rating that usually de- 
termines when an additional line must be 
installed. Emergency ratings were used 
10 years ago on special lines as they were 
needed. Emergency ratings are in use for 
all 66-kv and 132-kv lines and on a few 4-kv 
and 12-kv lines. Aging tests are being con- 
ducted now on 3-conductor 12-kv cables 
with a view to making extensive use of 
emergency ratings on all 12-kv cables and 
using, on rare occasions, temperatures 
higher than the A.I.E.E. limits for short 
portions of lines in relatively warm con- 
duits. In this way, advantage will be 
taken of the fact that 12-kv lines have been 
so improved that the rate of failures in 
Chicago is only 1/5 of the rate of about 12 
years ago. 

The method used in determining emer- 
gency ratings is the same as that described 
in this paper. The calculations are some- 
what different, being based on the form of 
solution of the fundamental heat flow equa- 
tions as given in a previous paper (see 
“Thermal Transients and Oil Demands in 
Cables,” K. W. Miller and F. O. Wollaston, 
A.I.E.E. Trans., v. 52, Mar. 1933, p. 98- 
110). 

The statement that cumulative heating 
tends to occur in conduits heated beyond 
a critical temperature of 50 degrees centi- 
grade is in close agreement with operating 
experience in Chicago. The statement that 
cable ratings are frequently limited by the 
maximum temperature of the duct rather 
than of the cable, particularly for larger 
cables, for high load factors, and for sum- 
mer conditions when the base temperature 
is high also is in accord with our findings. 

The writer cannot agree with the state- 
ment at the end of the paper that ‘‘the 
winter load generally is so much higher than 
the summer load that it may be used as the 
limiting factor in determining the ratings.” 
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The rating does not depend on the load in 
any way, although it is affected by the shape 
of the load curve. Summer conditions are 
the limiting factors for Chicago. 

In another previous paper on cable eco- 
nomics for Chicago conditions (see “Eco- 
nomics of High-Voltage Cable,’’ D. W. Ro- 
per, A.I.E.E. Trans., v. 50, Dec. 1931, p. 
1399-1410), the findings were in agreement 
with those of the present paper except in one 
important particular. Figure 5 of E. A. 
Church’s paper shows that the annual 
charges per kilovolt-ampere per mile for 
500,000 circular mil 15-kv cables and larger, 
and for 400,000 circular mil 25-kv cables, in- 
crease quite rapidly as the number of cables 
in the conduit increases above 4. In the 
writer’s study referred to, it was found that 
the annual charges for cables of comparable 
sizes and operating voltages tended to re- 
main about the same or to decrease slightly 
as the number of cables in the conduit in- 
creased from 3 to 10. Practical experience 
in Chicago indicates that the cost per foot of 
duct is substantially lower for a 12-duct 
conduit than, for instance, for a 6-duct con- 
duit. The cable ratings do not continue to 
decrease indefinitely as the conduit size in- 
creases, unless the total heat losses become 
great enough to dry out the surrounding 
earth. Regardless of the number of ducts in 
the conduit, each cable is affected thermally 
by only the the few cables immediately ad- 
jacent toit. There is also greater diversity 
of load in a large group of cables, and the 
maximum total coincident heat loss aver- 
ages less per cable than in smaller conduits. 
These factors tend toward greater economy 
in moderate size and large conduits. An- 
’ other point is that frequently in Chicago 
the cooling effect of moisture in the soil, or 
water in soil and conduits appears when 
large conduits are built. 


A. H. Kidder (Philadelphia Electric Co., 
Philadelphia, Pa.): Advance toward a well- 
rounded practical solution of the problem of 
underground cable loading apparently re- 
quires much the same method of approach 
that E. A. Church has taken. The writer 
is considerably encouraged, however, by the 
thought that a time of diminishing practical 
need for the use of the powerful but rather 
cumbersome methods of harmonic analysis 
is approaching. For instance, the author’s 
work appears to demonstrate that the cop- 
per temperature rise above duct wall may 
be quite accurately represented by a simple 
exponential heating curve. If this is the 
case, there is little further need for harmonic 
analysis in calculations of copper tempera- 
ture rise above duct wall. 

The writer’s principal interest, therefore, 
has been in the behavior of the duct wall 
temperature during load transients. It is 
believed that the methods of harmonic 
analysis at present hold the key to an 
understanding of this phase of the problem. 
For this reason the writer reviewed E. A. 
Church’s work quite carefully. In the 
course of the review a few points which may 
be helpful to others were found. 

Cyclic temperature impulses evidently 
travel very slowly through earth, and at- 
tenuate very rapidly. This may be illus- 
trated quite simply. Equation 10 of the 
paper needs very little modification to ob- 
tain an expression for the temperature TJ; 
induced at radial distance 7, between the 
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limits r¢d and R2, in terms of the heat input 
Qa at the inside radius ra of the sending 
duct, 


Te tN aay (1) 


2rgerdrd 


in which o, is a function of gr and geR:, 
while rad is a function of gerd and geR,. From 
this, the ratio of the induced to the sending 
temperatures is found to be oy/od for any 
frequency of oscillation. When R; is large, 
in a medium having the constants given in 
table III of the paper, this ratio reduces 
from about 50 per cent for the steady state 
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Fig. 1. Earth admittance function for 8 
ducts plotted in the. dimensionless form 
S,Q, 
S = VRE) 
QrT, uf 


A—Hottest of equally loaded ducts shown in the in- 
serted cross section 

B—Plot of equation 10 of E. A. Church’s paper. 
C—One loaded duct only 


at a radius of one foot, to less than 4 per cent 
for the fundamental and the higher har- 
monics of the daily copper loss curve. The 
angle of lag is very nearly g-/~/2 radians per 
foot of radial distance between 7d and 1. 
The wave length is, then, about Qrv/2/de 
feet, and the velocity of temperature propa- 
gation becomes approximately VA 2u/CpoS 
or about one inch per hour for the funda- 
mental harmonic in this medium, 

These effects apparently have been over- 
looked by the author in his use of equation 
10 of the paper for calculating the earth 
impedance data summarized in table III 


just referred to. Fortunately, however, 
very little additional analysis is needed to 
develop a fairly comprehensive earth imped- 
ance function for any number and arrange- 
ment of equally loaded cables in any me- 
dium. 

Assume that ducts a, b,c, ..., n lie within 
a given duct run. The temperature rise of 
any given duct is the rise due to its own heat 
input, plus an additional rise induced upon 
it by the heat input at each of the other 
ducts. If the duct sizes are identical, the 
approximate average temperature rise over 
the inside surface of duct a@ may be written 
directly from equation 1 of this discussion 
in terms of the various heat inputs Qa, Qop, 
Qc. . . . Qn at radial distances 7a, ba, fea, 

. tna from the center of duct a: 
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This equation holds for each harmonic, 
regardless of the respective amplitudes or 
time phase displacements between Qa and 
the other heat inputs. If it is assumed, 
however, that Oc = Qo=... = Qn = Qz, 
this equation may be reduced to an imped- 
ance function of the following simplified 
nondimensional form: 


Qa Ta 
QoSe 
At this point it is interesting to observe that 


the substitution of g = O in the o and + 
terms of equation 3 of this discussion gives 
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the familiar steady thermal impedance 
characteristic 
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if R, is taken as the Nth root of the product 
of the N radii ra, rba, etc., and R, is the out- 
side radius of the equivalent cylindrical duct 
structure. 

Since the value of equation 3 of this dis- 
cussion at g = 0 may be found readily from 
equation 38a, an excellent graphic represen- 
tation of this function usually may be ob- 
tained without need for calculations at 
other values of gera less than 0.20. When 
Gera is greater than 0.20 and R2/R; is greater 
than 5, R» loses all practical significance in 
the o and + terms of equation 3 of this dis- 
cussion, and the following simpler expres- 
sion is then adequate for practical calcula- 
tions: 
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Equation 3 of this discussion then may be 
plotted quite readily for any cable configu- 
ration by the aid of H. B. Dwight’s tables 
(‘Bessel Functions for A-C Problems,’’ 
A.1.E.E. TRANS., v. 48, July 1929, p. 812- 
20) of these functions: 


KuxvVj = 


ker x +7 kei x and 
Vij Ki'xVj = ker’ x + j kei’ x 


The accompanying figure gives recipro- 


ELECTRICAL ENGINEERING 


cals of the impedance values calculated 
from equation 3 of this discussion for one of 
the hottest of 8 equally loaded cables in the 
outside ducts of a 9-cable 4-inch terra cotta 
duct run. The vector length, plotted in 
this form for the case of a single cable is 
practically a linear function of gera. The 
deviation from the linear characteristic for 
more than one cable is due entirely to the 
attenuation and time phase displacement 
of temperatures induced by the other cables 
on cable a. With fewer cables this effect is 
less. It is interesting, however, to see how 
rapidly the vector length approaches the 
single cable normal, even within the usual 
working values of gera which lie between 
0.5 and 1.5 for the first 4 harmonics of the 
daily copper loss curve. Beyond 0.5 the 
admittance is probably 2 to 3 times as high, 
or the impedance less than 1/2 as great, as 
would be calculated from equation 10 of 
the paper for the same number and arrange- 
ment of cables, regardless of the actual 
values assigned to C, p and S. 

A point of special interest to the writer at 
present is that the fundamental and higher 
harmonics transmitted between ducts in the 
same run probably have much less effect 
upon the temperature of the hottest duct 
wall than E. A. Church has estimated in 
this work. To summarize briefly, it ap- 
pears that the number of cables in the duct 
run has very much less effect upon emer- 
gency load temperatures than upon normal 
load temperatures. If subsequent analysis 
shows the cyclic earth impedance to be of 
minor consequence in emergency load im- 
pulse calculations, so much the better. If 
this is not the case, however, it may be 
found that the duct wall temperature rise 
also can be approximated for a rectangular 
impulse in a representative configuration 
up to, say, 10 hours’ duration, by the use of 
an exponential equation with a relatively 
high time constant. 

Harmonic analysis is giving us for the 
first time a method for determining to what 
degree the thermal impedance of the duct 
run may be improved under all normal and 
emergency load conditions by possible con- 
trol of the now rather capricious thermal 
constants Ce, peand Se. The writer frankly 
hesitates to assume that engineers will be 
satisfied to accept without question the 
pay load limitations now imposed upon 
underground cables by wide variations in 
these thermal constants and by the present 
high thermal impedance of the air pocket 
between cable sheath and duct wall. Under 
normal daily load cycles these 2 factors ap- 
pear to be responsible for about 2/3 of the 
copper temperature rise above ambient. 
For emergency load impulses the air pocket 
alone is probably responsible for about 1/; 
of the emergency copper rise. 

There appears to be considerable oppor- 
tunity for improvement and it is believed 
that the tool which the author has provided 
may have a very practical effect upon prog- 
ress toward a solution of this important 
problem. 


E. A. Church: G. B. Shanklin’s proposal 
to rate cables on the basis of maximum tem- 
perature variation is very interesting. In 
the writer’s opinion, however, this should 
not be the only criterion for safe limits any 
more than should maximum copper tem- 
perature limit. The maximum tempera- 
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ture variations permissible can be learned 
only by experience, with maintenance costs 
taken into account. 

Experience on different systems will also 
dictate the maximum allowable duct tem- 
perature for various soils. The writer’s 
experience has been that 50 degrees centi- 
grade is a safe limit, and this is verified by 
Herman Halperin for Chicago conditions. 

On this basis there are three limits on 
which to base cable ratings; maximum cop- 
per temperature, maximum sheath and cop- 
per temperature variations, and maximum 
average duct temperatures. It should not be 
necessary, therefore, to change the A.I.E.E. 
rule for maximum copper temperature, 
which is probably about right for continuous 
load. 

It is interesting to observe that some 
trouble has been encountered in Boston 
with sheath cracking on cables which are 
carrying heavy loads with extreme varia- 
tions. Most of them, however, are in 
small manholes with inadequate racking 
facilities. On most of these cables, steps 
have been taken to smooth out the load 
variations by changes in operating sched- 
ules, with a resultant greater economy in 
cable loading. Experiments are being 
made with flexible joints in some of these 
small manholes in order to reduce the flex- 
ing of the lead under load cycles. 

Halperin has made a good case for pe- 
riodic temperature checks on conduit lines 
and is basing cable loadings on the results 
of these tests. Such an extensive program 
has not been considered economically justi- 
fied in Boston, and reliance is placed more 
on theoretical calculations and _ periodic 
temperature checks on lines known to be 
loaded continuously near their maximum 
theoretical ratings. In the past the tests 
have indicated that the ratings on these 
lines are about right. 

Halperin states also that for Chicago con- 
ditions the annual charges for transmission 
decrease as the number of ducts in a con- 
duit is increased from 3 to 10. It seems 
that each company should make its own 
economic study of cable loading, using 
cable ratings and costs peculiar to its own 
conditions. Difficult digging might easily 
raise the cost of 12-duct conduits in relation 
to 4-duct conduits. The suggestion of 
C. W. Franklin to include maintenance 
costs at different loadings in any such eco- 
nomic study is pertinent in this regard. 

A. H. Kidder states that the paper seems 
to demonstrate that copper temperature 
rise above duct wall may be quite accu- 
rately represented by a simple exponential 
curve. If he refers to figure 3 of the paper, 
this is not quite true, since these curves were 
computed from equations 11 and 12 of the 
paper and are based on Bessel functions. 
The cylindrical configuration is responsible 
for this fact. The temperature in a cable 
rises faster at first, then more slowly than 
the simple exponential function. With 
proper choice of exponents, exponential 
curves may be made to fit the time-tempera- 
ture rise curves at three points: ¢ = 0, 
t = o, and at some intermediate point giv- 
ing an approximate solution. A somewhat 
different approach to the problem of copper 
temperature rise above duct air may be 
found in a previous paper (‘‘Thermal Tran- 
sients and Oil Demands on Cables,” K. W. 
Miller and F. O. Wollaston, A.I.E.E. 
TRANS., v. 52, Mar. 1933, p. 98-110). 


The point which A. H. Kidder makes in 
regard to the extremely slow speed at which 


‘the temperature cycles proceed through the 


earth and conduit structure is well made, 
and it must be admitted that this point was 
overlooked in the calculations made in the 
paper, where it was assumed that the 
equivalent inner radius Ri, which is correct 
for the steady state, is correct also for the 
transient condition. A. H. Kidder has 
made a distinct contribution by developing 
the more accurate expression given by 
equation 3 of his discussion. The error in- 
creases as the number of ducts in a conduit 
increases. On this basis, the ratings for 
cyclic loading given in table V of the paper 
are conservative, and computations made 
from Kidder’s equation 3 produce values 
from 2 per cent to 4 per cent higher, depend- 
ing upon the load cycle and number of ducts. 


Breakdown Curve 
for Solid Insulation 


Discussion and author's closure of a paper by 
V.M. Montsinger published in the December 
1935 issue, pages 1300-01, and presented 
for oral discussion at the electrical machinery 
session of the winter convention, New York, 
N. Y., January 29, 1936. 


P. L. Bellaschi and W. L. Teague (West- 
inghouse Elec. and Mfg. Co., Sharon, Pa.): 
In insulation studies the 2 important factors 
are the voltage and time of application. 
In this respect the author gives interesting 
data which apply, however, for the specific 
case of 1/1, inch pressboard tested between a 
square edged electrode anda plate. Similar 
tests have been made by the writers. It is 
of interest to compare the 2 sets of data. 
Investigations have been made of the 


‘strength of 0.056-inch oil-treated pressboard 


between a 21/2-inch square-edged disk and 
a 6 inch plate, as indicated in figure 1 of 
this discussion. The tests were made in 
oil at temperatures of from 15 to 25 de- 
grees centigrade. Sixty-cycle voltages were 
applied for one minute, for a few seconds, 
and for a few cycles. In addition, tests 
were made which consisted of switching 
and impulse voltages of positive polarity, 
the switching surges rising from zero to 
crest voltage in about 700 microseconds and 
the impulse voltage having practically a 
1!/2 x 40 microsecond wave. 

Since the strength of pressboard may 
vary with the specific material, treatment, 
etc., the volt-time curve of breakdown in 
figure 1 for 0.056-inch oil-treated press- 
board and Montsinger’s curve for 0.0625 
inch material show close similarity and 
agreement. However, all observations and 
data on the test need be considered in order 
to set forth the full significance of its volt- 
time curve of breakdown. 

First, it should be noted that tests indi- 
cated at 700 microseconds permit drawing 
a full line over the relatively wide range of 
time between the impulse and 60-cycle 
voltages, which Montsinger naturally has 
shown in his paper as a dotted line. Fur- 
thermore, observations on the corona and 
the nature of breakdown indicate pertinent 
characteristics. Unless these factors are 
given proper consideration the conclusions 
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derived from the volt-time curve of break- 
down alone may prove misleading. It was 
found that impulse and switching corona 
became visible at 60 kv. At the break- 
down impulse voltage the corona streamers 
extended radially 2 inches and more from 
the electrode edge along the pressboard sur- 
face. For the limited tests made on each 
specimen no damage was apparent on the 
surface of the pressboard due to corona 
streamers. 

Quite a few sample barriers were tested. 
In the impulse tests breakdown occurred 
invariably at or near the crest of the wave 
or on the rising front upon a further in- 
crease in voltage. Ten per cent of the fail- 
ures occurred at the edge of the disk. 
About 65 per cent were at distributed 
points, between 1/, inch and 4/4, inch from 
the edge, and the remaining 25 per cent 
near the center. Even when failure oc- 
curred on the rising front many were inside 
the edge. The distribution of these fail- 
ures is quite uniform over the area of the 
electrode, indicating on the strength of this 
evidence that the impulse breakdown is in- 
dependent of the edge effect. The stream- 
ers along the pressboard (in the oil) may ac- 
count for some shielding of the edge. The 
switching surges gave even more diffuse 
streamer formation than the impulse. In 
this case 2 of the failures were inside the 
edge, one at the edge, and the fourth oc- 
curred as a creepage over the pressboard 
sheet, puncturing the insulation at a point 
opposite the edge of the 6 inch ground 
plate. All 60 cycle tests indicated failure 
at the edge. The 60 cycle audible corona 
is also drawn on the curve, visible corona 
appearing at a somewhat higher voltage. 

Tests by the writers on !/s inch solid in- 
sulation show that the volt-time curve of 
breakdown is of a similar shape to figure 1, 
the voltage values naturally being higher. 

From figure 1 the impulse ratio of the 
pressboard tested is close to 3. The im- 
pulse and switching corona level is only 50 
per cent of the breakdown value. It is ap- 
parent that the insulation of the test speci- 
men is not representative of the insulation 
designs found in practice. 

The data presented by F. J. Vogel, 
Montsinger, and the writers may not per- 


mit building up elegant theories of insu- 
lation breakdown but undoubtedly these 
data give the experimental basis without 
which no sound theory can be constructed. 
The 3 subdivisions to which Montsinger 
refers have been recognized in part in the 
past, though they now appear to be better 
identified. Even then such subdivisions 


grade. As in the pressboard tests, the oil 
was of good quality such as is supplied with 
transformers. The gradual downward trend 
of the volt-time curve for the oil in 
figure 2 differs in comparison to the curve 
for solid material, figure 1. In these tests 
on a 1/4 inch oil gap, corona and breakdown 
apparently occurred simultaneously. It 
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Fig. 2. Volt-time breakdown curve for transformer oil 


Short lines indicate hold values, 11/2 X 40 microsecond wave 
Crosses indicate breakdown values 


may serve more the purpose of convenience 
in classification. It is generally recog- 
nized that dielectric losses, heating, etc., 
characterize insulation stressed at indus- 
trial frequency and voltages. Impulse and 
switching voltages appear to subject the 
insulation to a truly dielectric or disruptive 
effect. This disruptive breakdown re- 
quires a certain minimum time to be pro- 
duced so that at the very short time im- 
pulses, in the order of a microsecond, the 
impulse voltage for breakdown must in- 
crease. 

For transformer oil the volt-time break- 
down curve is given by figure 2 of this dis- 
cussion. The temperature of the oil in 
these tests was from 15 to 20 degrees centi- 
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may be noted that at the impulse voltages 
the curve rises rapidly with decrease in 
time application. Oil is characterized by 
long time lag; on lowering the impulse 
voltage, breakdown appears on the tail of 
the wave. The impulse ratio for the 1/, 
inch oil gap is almost 2.0. 

Insulation structures encountered in ap- 
paratus are combinations of solid and liquid 
insulation and have impulse and 60 cycle 
characteristics which are described in full 
in 2 papers. (Reference 2 of the paper 
and ‘Factors Influencing the Insulation Co- 
ordination of Transformers, II,’’ P. L. Bel- 
laschi and F. J. Vogel, ELec. ENGG., June 
1934, p. 870-6.) For example, the impulse 
ratio of transformer major insulation is close 
to 2.2. The insulation and electrode ar- 
rangement and therefore the impulse ratio 
and corona level for the relatively thin 
sheet of pressboard between sharp edged 
electrodes differ substantially from those 
in well designed apparatus. Consequently 
the test data given in figure 1 are limited in 
scope and relative importance. It would 
be erroneous to apply these data directly to 
the general problem of apparatus insulation 
co-ordination. However, one important 
characteristic is shown by figures 1 and 2, 
i. e., practically constant impulse ratio in 
the insulation strength maintains from 
about a microsecond to a fewcycles. This 
characteristic undoubtedly applies to trans- 
former insulation in general. Its import- 
ance is apparent. 


I. W. Gross (American Gas and Electric 
Co., New York, N. Y.): Although the prin- 
ciples of insulation co-ordination on a power 
transmission system were outlined in a 
paper before this Institute some 8 years. 
ago, progress in reducing these principles. 
to a practical working basis has been 
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comparatively slow. While considerable 
thought and study have been given to this 
problem, it was soon found that one of the 
greatest hindrances was the lack of funda- 
mental data, such as the magnitude and 
shape of lightning voltages, the magnitude 
and effect of switching surges, and the 
breakdown characteristics of insulation 
under impulse conditions. Another in- 
definite factor was the protective character- 
istics of the lightning arrester as actually 
installed in service. 

During the past few years much progress 
has been made in developing instruments 
for measuring and in the actual measuring of 
some of these fundamental characteristics. 
The present paper is a distinct contribution 
in that it gives a fundamental picture and 
data on the impulse characteristics of insula- 
tion such as enters into many types of appa- 
ratus on a basis that lends itself to co- 
ordination with other parts of the system in- 
sulation. 

One of the first attempts to co-ordinate 
transformer insulation with the rest of the 
system was the use of the suspension insu- 
lator as a yardstick. This measuring stick 
had 2 weak points: first, it required too 
large steps in going from one insulator step 
to another (for example, from 3 to 4 is a 
331/; per cent step) and second, the unit of 

“measurement—the insulator—did not have 
the same electrical characteristics with re- 
spect to time and polarity as the built-up 
insulation of the transformer. 

The next step was an attempt to co- 
ordinate the tranformer on the basis of a rod 
gap. Here-the nonuniform characteristic 
of the insulator measuring stick was elimi- 
nated, but the scheme still had the defect of 
using as a measuring stick a device which 
had characteristics quite different from 
those of the transformer insulation. 

Until recently it has been asserted that 
the impulse strength of a built-up insulation, 
such as transformer windings, is a flat 
straight line irrespective of time; that is, 
there is no upturn of the curve in the range 
from zero to 2 microseconds. More re- 


line curves represent the general trend of 
the impulse strength of built-up insulation 
which is typical of transformer insulation, 
the data being obtained from the present 
paper and Vogel’s paper in 1933. In this 
figure is also shown the characteristic curve 
of a 4 inch rod gap set on a long time posi- 
tive polarity basis approximately 10 per 
cent below the so-called transformer curve. 

It is not intended to imply, however, that 
a 10 per cent margin for a protective de- 
vice is sufficient leeway. Here the rod gap 
supplied no protection up to approximately 
2 microseconds on positive impulses and 
none at anytime for negative impulses. 
The characteristics of a modern lightning 
arrester (data obtained from present cata- 
log figures) are shown as the lower curve in 
figure 3. Here again, the lightning arres- 
ter protective level has been arbitrarily set 
10 per cent below the transformer, and it 
will be seen that the overshoot of voltage 
when the arrester first comes into action is 
well under the insulation curve of the trans- 
former, although it would be above it if the 
transformer insulation characteristic were a 
straight line. 

Assuming that Montsinger’s and Vogel’s 
data, although taken on samples of specially 
prepared insulation, actually indicate the 
characteristics of a transformer, we still sce 
it is necessary to consider carefully the 
characteristics of the arrester in combina- 
tion with the transformer strength if pro- 
tection against steep front lightning surges 
is to be obtained. 

Some older types of arresters have a 
higher ratio of initial breakdown to sus- 
tained voltage than present types, and here 
it is more important to analyze the relation 
between the arrester breakdown value and 
the short-time impulse strength of the trans- 
former. 

Another field of insulation strength 
covered by Montsinger is in the range of 
switching surges. Here again fundamental 


data are very scarce, and most conclusions 
are based on the fact that few insulation 
failures are reported as a result of switching 
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cently, however, the fact that even this 
built-up insulation does have a time lag 
similar to, although very much less than, 
that of a rod gap, has been appreciated, 
and some attempt has been made to use 
this information to advantage in the co- 
ordination of transformer insulation. 

In figure 3 of this discussion the 3 solid 
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surges. While experience is not to be ig- 
nored, we should keep in mind that we still 
lack fundamental data on both magnitude 
and frequency of these switching surges and 
the breakdown characteristics of insulation 
when subject to such surges. This con- 
sideration of switching surges must be kept 
in mind in setting up any plan of insulation 


levels in a workable insulation co-ordination 
scheme. 

It is hoped that data of the type pre- 
sented by Montsinger will be forthcoming 
in ever increasing volume, and that they 
may be eventually extended to complete 
pieces of apparatus as well as on the sepa- 
rate parts of the insulation which enter into 
insulation construction. 

Now that there seems to be good evi- 
dence of the additional insulation strength 
of wound insulation in the short time range, 
and since it seems certain that advantage of 
this will be taken in establishing insulation 
levels and applying lightning arrester pro- 
tection, it seems important to consider the 
advisability and possibility of setting up 
some type of commercial test on transform- 
ers to determine that the impulse strength 
in the short time range is actually there in 
practical transformers. 


C. F. Hill (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): This paper on 
the variation of breakdown of oil soaked 
pressboard with time of voltage application 
is interesting, but I do not believe the 
B region can be accepted as real without 
further data on some physical explanation 
of why it exists. Breakdown tests require 
a large amount of data before conclusions 
can be drawn, due to the spread of the values 
obtained. No doubt there is a B region, 
which is a transition from the purely elec- 
trical type of breakdown (which includes the 
A region of the paper) to the region which 
involves the electrothermal type of failure 
(the C region). However, the transition 
from one to the other certainly is gradual 
and not discontinuous as his curve indicates. 
I am inclined to conclude that the distortion 
due to the logarithmic scale plus the normal 
spread of his breakdown data has led to the 
flatness of the B region. 

It would be of value to the insulation engi- 
neer to know how long the pressboard was 
soaked in oil before the tests. Breakdown 
tests on oil-filled materials of this kind vary 
widely with time of soaking because of the 
trapped air in the paper, this air being 
gradually absorbed by the oil. 

The author seems to believe the edge ef- 
fect of the electrodes was absent for 1/, 
cycle to 18 cycles. As this includes only 
about 9 actual breakdown values, there are 
hardly enough data to draw such a conclu- 
sion. 

Other information of value to the reader 
would include the time when the various 
data were obtained, the chronological dis- 
tribution to insure constancy of material. 

Combining the data of the author and 
those presented by P. L. Bellaschi in his dis- 
cussion gives some clues which may furnish 
a physical explanation for part of Mont- 
singer’s curve, that is, the A region. The 
C region is, of course, explainable in that it 
constitutes the range in which heat-electri- 
cal breakdown occurs. The A region may 
be explained in that this part of the curve 
is the characteristic of oil and that for an 
oil-cellulose combination, as in oil soaked 
pressboard, where the oil has specific induc- 
tive capacity value of 2.2, while cellulose 
has a value from 6 to 8, most of the stress 
just after voltage is applied is exerted on the 
oil. This causes the oil to ionize strongly, 
building up to an avalanche which leads to 
complete puncture. The B region of Mont- 
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singer’s curve and the same region of 
Bellaschi’s data seem to agree well enough. 
It might even be suspected that the curves 
dip in the region of 100 microseconds, giv- 
ing a multivalued curve. I believe this is 
very unexpected in a solid dielectric, and a 
physical mechanism from 2 dissimilar di- 
electrics in series seems improbable. 

The A and B regions in comparison with 
the C region are, of course, very much mag- 
nified by the logarithmic scale used. The 
A region seems explainable but the flat 
characteristic of the B region is unexpected 
even with the combination of oil and press- 
board. Unfortunately the data are too 
few in the B region to show the trend of the 
curve. 

It might be well to cali attention to the 
fact that continuous potentials are used in 
the A and B regions, and alternating po- 
tentials are used in the C region. A better 
method of approach from the fundamental 
point of view would be to use direct current 
over the whole range and determine break- 
down as a function of rate of voltage rise. 
It would be of interest if both investigators 
could perform this same experiment on a 
true solid insulation. 


J. B. Whitehead (The Johns Hopkins Uni- 
versity, Baltimore, Md.): The experi- 
mental results presented in this paper do not 
represent the inherent breakdown charac- 
teristics of the materials tested. They are 
definitely related to the configuration of the 
electrodes and to the medium in which they 
are immersed. 

A descending type of curve for long-time 
breakdown values is in accordance with the 
results of many other workers. However, 
the values obtained here are probably in- 
fluenced by the sharp edge of the upper elec- 
trode and consequently it is by no means 
proved that the curve as given is typical of 
the material. Moreover, the law of the in- 
verse fourth root of the time has been fre- 
quently questioned by other workers and a 
wider range of time is necessary before this 
law can be said to be established. 

The suggestion of a correlation between 
the proposed 3 systems of breakdown and 
those suggested by Moon and Norcross 
would seem to be unfortunate. The curves 
of the latter authors involve temperature as 
a variable. Similarity of the forms of the 
curves in the 2 cases would indicate the 
third region as between B and C rather 
than at A. 

I question whether there are really 3 dis- 
tinct regions or types of breakdown. It is 
my opinion that under controlled conditions 
limiting the breakdown to the properties 
of the material itself the A region would be 
eliminated and the B region continued 
horizontally to zero time. 

The ascending values of the A region seem 
to me to be inherent in the joint capaci- 
tance and conductance values of the elec- 
trode arrangement rather than as explained 
by the author. In this region an initial sur- 
face ionization and corona evidently forms 
around the smaller electrode dependent 
upon the surface and interface properties of 
the sheeet insulation and the oil, resulting 
in an increased value of capacitance. The 
charging of this capacitance reduces over a 
corresponding brief interval of time the 
value of the applied stress. Consequently 
with shorter time intervals, higher stresses 
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will be required for breakdown. The ac- 
tual stress on the insulation remains ap- 
proximately that of region B. Further 
light on this question might be had from os- 
cillograms of the impulse at the moment of 
breakdown over the whole range of region A. 


F. J. Vogel (Westinghouse Elec. and Mfg. 
Co., Sharon, Pa.): The author has pre- 
sented a very interesting paper. The 
curve showing the characteristics of solid 
insulation from extremely short times to 
long times and 60 cycles is doubtless typical. 
I feel, however, that it may be misleading to 
ome engineers in the inference that it may 
be compared to transformer insulation in 
general. I would like to present some data 
n support of his data, and some other data 
to show that the values given may not be 
universal. 

Some years ago, tests on approximately 
1/1, inch oil impregnated pressboard were 
made, both with alternating and continu- 
ous potentials. These tests were one 
minute hold tests, under oil, and they were 
made with square edged disks, comparable 
to Montsinger’s tests. The average break- 
down value at 60 cycles was 39 kv effective 
value, and with direct current 172.5 kv. 
The ratio between these values is almost 
exactly the same as obtained by Montsinger 
for 60 cycles and impulse voltages, and con- 
firms his belief that the curve is flat from 
3 microseconds even to 1 minute. 

However, tests have also been made with 
square cornered disks on solid pressboard 
in thicknesses from single 1/s inch sheets to 3 
1/; inch sheets. The table shows the re- 
sults obtained: 


Ratio, 
Thick- 60 Cycle One Impulse 
ness of Min. Test Impulse Strength 
Pressboard, Breakdown, Strength, to 60 Cycle 
Inches Kv Ky Crest 
1—1/j¢ (approx.).. 39 ...... WP Is 5 Ao 3 Saiz 
1) ee Bote eect TSO Oye 2.32 
Dd gis sleet: ot ae SOO pie noteneds ees 3.02 
Sales eet ar ele LES te as ad BOOMs Gk ates 3.38 


* One minute d-c hold test for this value only 


These data show that widely varying 
ratios may be obtained. Experience also 
shows that the materials vary quite widely 
as evidenced by tests made at different 
times. It is to be noted also that marked 
corona disturbances result, during tests 
made similarly to the above, at voltages far 
below the breakdown point, and that such 
conditions are not representative of condi- 
tions within properly designed transformers 
on test where the ratio between the corona 
voltage and breakdown voltage is high. 

The writer would like to refer to the 
papers, ‘“‘Factors Influencing the Insulation 
Co-ordination of Transformers,’’ mentioned 
in P. L. Bellaschi’s discussion. The tests 
described in these papers were made on 
models typical of practical transformers, 
in which the stress appears to be largely 
withstood by the oil, and the impulse ratio 
found was 2.2. It is by no means certain 
that the characteristics of liquid dielectrics 
are the same as those of solid dielectrics. 
There are indications that the d-c strength 
and impulse strength of solid insulations 
are about the same, but this is not true for 
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liquid dielectrics. These facts indicate that 
Montsinger’s curve may not be representa- 
tive for transformer insulation, either for 
the impulse ratio or the shape of the curve. 


Herman Halperin (Commonwealth Edison 
Co., Chicago, Ill.): In Archiv fiir Elektro- 
technik, v. 23, 1929, p. 305-22, Reinhard Jost 
reports the results of similar investigations 
of ‘The Breakdown Strength of Some 
Solid Insulating Materials for Voltage Ap- 
plications from Long to Very Short Dura- 
tion.’ The tests covered surge, a-c, and 
d-c tests and included durations from 10~° 
to 10+4 seconds or from 0.001 microsecond 
to 23/, hours. Pressboard tested in air and 
in oil was among the materials studied. 

Jost found a region of constant break- 
down voltage from about 1077 to 107! sec- 
onds or from 0.1 to 105 microseconds. The 
upper limit of time agrees quite well with 
Montsinger’s results, while the lower limit 
is much lower than in Montsinger’s test. 
Although, otherwise, there is disagreement 
between the test results, probably the re- 
sult of different test conditions, it is interest- 
ing that Jost also finds 3 regions of break- 
down for pressboard. 

In connection with extensive breakdown 
tests on cable insulation over a period of 
years, it has been found that the relation of 
voltage to time may be best expressed as 
merely an inverse exponential function of 
the time. Montsinger’s formula, which is 
similar to Peek’s, has a constant indicating 
minimum breakdown voltage in addition 
to the effect of time. 

I presume from the fact that Montsinger 
indicates in his paper that he is giving 
merely a progress report that further 
test data will be made available at a later 
date. It would be of interest to see data’ 
obtained on insulations simulating actual 
construction details of equipment, such as, 
for example, those reported by F. J. Vogel 
on transformer insulation. Some of Vogel’s 
data presented at the 1935 high tension 
conference in Paris and accompanying this 
discussion show good agreement between 
impulse ratios, provided those determined 
from the present data are arbitrarily cal- 
culated as the ratio of surge breakdown to 
about the 8-second breakdown values: 


Impulse Ratio 


Vogel 

Simulated Trans. Insulation Mont- 

singer 

Time Inter- 1/16 Inch 
Lag, Shell Core leaved Press- 
psec Type Type Barriers board 
0.5 $0 O42, ate ge ane 3.04 
te cee 2 OS... PANY eat a St ety chs 2.64 
Deere ered ee PASO elereit 2S cieecn: Cee 2,32 
More than 2)),2, 25 00 me kee ae ia ded 2.23 


This brings up the question of what value 
to use as the 60 cycle breakdown voltage in 
calculating impulse ratio. As indicated by 
the C region of the curve, this value may 
vary over a wide range, and it appears es- 
sential to assign a definite time value to the 
60 cycle breakdown voltage used in deter- 
mining impulse ratio, at least for solid insu- 
lations. Also, some correlation should exist 
between impulse ratios for solid insulations 
and air gaps, for co-ordination purposes. 
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Further study along these lines appears de- 
sirable. 

According to the paper, the test break- 
downs in region A were all on the front of 
the wave. If on the contrary, tests were 
made to determine minimum breakdown 
voltages, the time lag factor would be in- 
volved. It would be of interest to learn if 
breakdowns occurring on the tail of the wave 
would give results falling on a curve similar 
to that shown in the paper. 


V. M. Montsinger: I am glad that Her- 
man Halperin has called attention to the 
Jost article of which I was not aware. 
A review of this article reveals that no test 
points are shown within the time ranging 
from about 8 microseconds to 1 second. 
The flat part of Jost’s curves over the large 
gap in time, approximately 10° microsec- 
onds, apparently was based either upon 
test points not shown on the curves or upon 
an assumption. 

I would like to emphasize, as I did in the 
presentation, that the main object of my 
investigation was to obtain data on the 
breakdown strength of insulation within 
the B region, that is, to see if the break- 
down strength remained constant over a 
long period of time, as some preliminary 
tests indicated it would. Regions A and C 
had already been well explored. 

Halperin brings up the point of what 60 
cycle time of breakdown to use in obtaining 
the impulse ratio of insulation. Although 
there are some good reasons why we should 
use shorter than one minute breakdown 
values, yet, due to the difficulty in obtain- 
ing reliable low frequency breakdown 
values for times less than one minute, I feel 
that the one minute (or its equivalent as 
recommended by A.S.T.M.) value must be 
used, as it is the only way to make tests on 
large and expensive insulation setups 
where a volt-time curve is not practical. 

In connection with MHalperin’s point 
about breakdown on the wave tail, as 
pointed out in the paper, solid insulation 
(or solid and oil in series) seldom will 
break down beyond the crest. The reason 
for this peculiar behavior of a solid as con- 
trasted with oil and air is not known. 

F. J. Vogel questions whether the im- 
pulse ratio is representative for transformer 
insulations. It may not be. I do not at- 
tach very much importance to either the 
shape of the 60 cycle curve or to the im- 
pulse ratio, the object being to determine 
the extent of the time for the constant volt- 
age breakdown portion of the curve (region 


B). The 60 cycle test points were merely 
given to show the contrast in the shape of 
the curves in the 3 regions. 

Vogel also questions whether the general 
shape of the curve is representative of trans- 
former insulation. This is an important 
point. Most of the vital insulations in a 
transformer consist of either solid (as used 
between turns) or solid and oil in series (as 
used between coils and between windings), 
oil alone seldom being used in small vital 
spaces. The insulation used for these tests 
represents the turn to turn insulation in a 
transformer. 

The next question is: Does it represent 
solid and oil in series? Numerous tests 
show that solid insulation acts quite like 
solid and oil in series within regions A and 
C. For example, figure 4 of this discussion 
shows that there is very close agreement be- 
tween Vogel’s and my tests made on solid 
and oil in series and the tests shown in the 
paper on !/,5 inch pressboard within region 
A. 

Likewise the 60-cycle volt-time curves 
given in reference 4 of the paper show that 
the shape of the curves is similar; compare 
figures 11 and 12 with figures 19 and 21, the 
first 2 being for pressboard alone and the 
latter 2 being for pressboard and oil in 
series. 

Since a solid has volt-time characteristics 
quite like solid and oil in series for regions 
A and C, it is not very likely that it will 
show different characteristics for region B. 
In other words, I would expect the insulation 
network in a transformer to have a long- 
time constant-voltage breakdown strength 
similar to that shown in region B for solid 
insulations. 

I was, of course, pleased to know that the 
tests of P. L. Bellaschi and W. L. Teague 
confirmed my own so closely under similar 
test conditions. Another significant point 
brought out in their findings is that appar- 
ently the edge effect was not so great as I 
supposed for region A since a good portion 
of their breaks were not at the edge of the 
sharp edged electrode but at points dis- 
tributed over the electrode area. 

I am at a loss to understand why Bell- 
aschi and Teague did not get an increase in 
breakdown voltage in region A for very 
short time intervals of less than 2 or 3 
microseconds. Both Vogel’s and my tests 
(as shown in fig. 4) as well as Jost’s tests 
show that there is a decided increase in 
strength for short time intervals. It 
should, of course, be understood that these 
data represent single shot strength. Re- 
peated shots with steep front waves appar- 


Crosses and dots indicate test points obtained by Mont- 
singer, 1932 and 1935, respectively; 100 per cent impulse 
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Fig. 4. Woltage-time curves of insulation barriers of pressboard and oil in series (solid 
curve) and 1/,, inch pressboard sheet (dashed curve) 
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ently do not show as great an increase in 
breakdown strength over repeated shots 
with slow front waves, as shown in my 
curve. 

C. F. Hill, I feel, is mistaken in ascribing 
the flatness of the B region to a distorted 
scale (logarithmic) rather than to an actual 
flatness. Relatively speaking, from 3 mi- 
croseconds to 50,000 or 100,000 micro- 
seconds is a long time and it includes an im- 
portant range of time under certain types of 
surges obtained in service, particularly 
switching surges. To me, one of the most 
important points is that apparently the 
breakdown strength of transformer insula- 
tion is the same for switching surges as for 
impulse voltages of 3 microseconds and 
longer. It indicates that switching surges 
are probably not as dangerous as we have 
considered them to be. Bellaschi’s tests 
bear this out. 

It was not intended to show that the 
transition from region A to B and from B to 
C was discontinuous. JI agree that it 
should be gradual even though the time ele- 
ment involved is short. 

The pressboard used was given standard 
vacuum drying and oil impregnated for 4 
hours before breaking the vacuum. The 
material used for the 8 regions was all pre- 
pared and treated at the same time so that 
the uniformity was as good as can be ob- 
tained from a given batch of material. 

Regarding Hill’s theory that the A re- 
gion may be explained by the oil in the 
pressboard, he may be right. Anyway this 
is a condition that is present in all oil im- 
mersed transformer insulations. 

I fully agree that it would be interesting 
to use continuous potentials for all 3 regions 
but this test should be made with a type of 
electrode that produces a uniform dielec- 
tric field as the object is to determine the 
characteristics of a true solid rather than 
insulation as used in transformers. 

Regarding J. B. Whitehead’s statement 
that the tests do not represent the inherent 
characteristics of solid insulation, it is 
pointed out in the paper that a sharp edged 
electrode was purposely used to have the 
tests represent the most severe case that 
may occur in a transformer structure, and 
that to study the material as a material, a 
uniform dielectric field should be used. 

In reference to his criticism of the ac- 
curacy of the quadratic law, my experience 
with many volt-time curves made on all 
kinds of solid insulation indicates that this 
formula fits the curves closer than any 
other formula. 

My reason for mentioning the 3 regions 
found by Moon and Norcross was not be- 
cause I think there is any relationship be- 
tween the phenomena found in the 2 inves- 
tigations. 

Whitehead questions the increased break- 
down values in A region when the tests are 
made limiting the breakdown to properties 
of the material. A reference to the article 
by Jost (mentioned by Halperin) who ap- 
parently made some tests in a uniform 
field, will show that Jost found a decided up- 
turn in all of his curves. I feel that there 
is an A region even when the breakdown is 
limited to properties of the material. It 
is true that the duration of the time in 
Jost’s A region is shorter than 3 micro- 
seconds, but his tests indicated that there 
is an A region for a material when tested 
as a material only. 
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Vibratorily Commutated 
Stationary Conversion 


Discussion and author's closure of a paper by 
G. T. Southgate published in the November 
1935 issue, pages 1213-21, and presented for 
oral discussion at the electrical machinery 
session of the winter convention, New York, 
N. Y., January 29, 1936. 


J. J. Linebaugh (General Electric Co., 
Schenectady, N. Y.): The author has 
devised a very interesting stationary me- 
chanical rectifier different in many respects 
from the usual mechanical rectifier and one 
that should be capable of taking care of an 
appreciable. load. 

The various designs mentioned indicate 
that the apparatus is not limited to only one 
form, but arrangement of the component 
parts can be changed to suit special require- 
ments such as voltage, current, or type of 
current carrying parts. 

The great difficulty in building mechani- 
cal rectifiers for capacity greater than a few 
amperes has always been sparking at the 
contacts when making and breaking contact 
in commutating the different circuits. The 
author has overcome this difficulty by using 
a special transformer designed so that it has 
practically no reactance to retard or acceler- 
ate the flow of current at different load cur- 
rents. It would seem that the success or 
failure of the proposed rectifier would de- 
pend on being able to produce a transformer 
with the characteristics desired. This may 
be quite difficult for the larger sizes. 

The general design seems to be well 
adapted to the conversion of high continu- 
ous voltages. The usual carbon and copper 
dust from rotating parts would not be pres- 
ent and it should be easy to insulate the 
different bars or conductors from ground 
and each other by providing insulating bar- 
riers and suitable creepage distances. 

It has been my experience that it is ex- 
tremely difficult to design commutating 
equipment which will make and break cir- 
cuits of this kind and it is hoped that the 
author has solved this difficult problem. 

The development of a suitable size unit 
and operation for some time under actual 
working conditions will be necessary to 
demonstrate the commercial practicability 
of the equipment described, and it is hoped 
that this can be done shortly. 


H. W. Anderson (Iowa State College, 
Ames): This very interesting machine 
seems to be capable of representation as a 
rotary converter with a stationary arma- 
ture and commutator, and with a moving 
field and brush structure, but lacking link- 
ages with a field circuit and having essen- 
tially no moving mass. The elimination of 
field circuit linkages and rotating mass cer- 
tainly should account for a considerable 
difference between its transient characteris- 
tics and those of an ordinary rotary con- 
verter, 

Though the author has handled the details 
of mechanical contacts in a very thorough 
way, this machine as a converter appears 
to be well adapted to the use of grid con- 
trolled rectifier tubes. Any desired phase 
relations for grid control can be secured 
from windings already available. The 
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discharge in each tube would be automati- 
cally extinguished as the flow of current is 
transferred to a succeeding tube. This con- 
verter, so arranged with tubes, could be 
compared to an ordinary polyphase con- 
verter using hot-cathode mercury vapor 
tubes in something like the way that a 
closed-circuit bipolar d-c armature might 
be compared to a now-historical open-cir- 
cuit armature. 

Southgate’s machine has as inherent ad- 
vantage over ordinary contacting convert- 
ers. Each cycle is subdivided sufficiently 
so that external circuit parameters have 
rather little influence on wave shape. 


C. C. Herskind (General Electric Co., 
Schenectady, N. Y.): The  vibratorily 
commutated converter is a very ingenious 
and interesting device. If it proves prac- 
tical it will be a direct competitor of the 
mercury arc rectifier and the synchronous 
converter. The high efficiency would seem 
to favor its application, particularly in the 
low voltage field, that is, below 600 volts. 
There seems to be no question that this 
converter will operate in the manner de- 
scribed under steady load conditions. 
However, in order to be practical, the appar- 
atus must be capable of operating under 
unbalanced and transient conditions. For 
example, a mercury arc rectifier with one 
anode circuit broken will still operate on 
11 anodes, although at reduced rating. Simi- 
larly, a synchronous converter will operate 
with some of the brushes disconnected. 
What would happen in case one of the vibra- 
tors failed in the conversion apparatus? 
Some of the transient conditions which 
will be encountered in service are: starting, 
d-c short circuits, reduced supply voltages, 
variations in frequency, and single phase 
operation. What will be the effect of these 
transient conditions upon the commutation 
at the vibratory contacts and how will the 
amplitude and phase relations of the vibra- 
tor be affected by these transient conditions? 
In the case of failure and arc-over of one of 


the vibratory contacts, what means must be 
provided for clearing the conversion unit 
from the power system, to prevent its de- 
struction? 

The paper proposes the use of the con- 
version unit for d-c to d-c transformation. 
When the unit is so used, some means must 
be provided for supplying the magnetizing 
current required to set up the flux in the 
transformer core, as this magnetizing cur- 
rent cannot be supplied from the d-c system. 
What means are proposed for supplying 
this magnetizing current? 

What is the current capacity of the vi- 
brating contacts? Judging from experi- 
ence with contactors, it would seem that the 
current capacity of a single contact cannot 
be indefinitely increased by increasing its 
area because of the effect of localized heat- 
ing and local action on the contact sur- 
faces. 

The conversion apparatus described in 
this paper would seem to possess an im- 
portant advantage over other types of con- 
version equipment because of its static na- 
ture, and the absence of auxiliaries. The 
compactness of this conversion unit should ~ 
effect a considerable reduction in installa- 
tion costs. 


G. T. Southgate: In his examination of 
the converter’s principles, J. J. Linebaugh 
correctly deduces the freedom of design 
and function that is contributed by the vi- 
bratory commutation. Likewise operative 
testing, particularly with the revealing os- 
cillograph and temperature explorers, is 
greatly facilitated by the nonrotary accessi- 
bility of the inductive, insulative, and com- 
mutative parts. 3 
For moderate and low voltages, the con- 
struction of a transformer with the desired 
minimal flux leakage is accomplished by the 
close spacing of flat form-wound primary 
and secondary coils in the same core slots. 
If at higher voltages the coil separation 
might otherwise be sufficient to introduce 
appreciable reactance, such leakage is ef- 
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Fig. 1. Diagram showing flat mounting of the commutative system 
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fectively reduced by the inherent feature 
that the windings are much subdivided for 
the multiple phasing. This sectionalizing 
has the same leakage-decreasing effect 
where it is practiced in ordinary trans- 
formers for reduction of voltage per coil, in 
amount proportional to from the first to the 
second power of the subdividing. (‘‘The 
Magnetic Circuit” (a book) V. Karapetoff. 
McGraw-Hill, 1911, p. 213-14.) Leakage 
can be reduced further by employing high 
strength and correspondingly thin insula- 
tion between coils. Finally, for extreme 
cases the high voltage turns can be enclosed 
within hollow low tension conductors, more 
easily in manufacture than they were in the 
model. 

In addition to this flux-leakless trans- 
former condition, good commutation does 
indeed require that the making and break- 
ing of contact be timed precisely enough. 
For such sequence, the employment of me- 
chanical actions other than the familiar 
ones of rotation may seem radical. Yet it 
is to be recalled that there has long been 
broadly exploited a branch of electromag- 
netic vibratory mechanics of delicacy in- 
comparably greater than that required in 
the commutative contacting. Telephonic 
and particularly loud-speaker kinetics ex- 
emplifies far more disciplined collaboration 
of extreme variables, willing and willful. 
The frequencies and their amplitudes are 
almost infinite in number; resonance may 
be a service as it is in vibratory commuta- 
tion, but can be an acoustic evil. 

In the new commutator the vibrators, 
mechanically tuned to the one electric fre- 
quency, are rigidly united in faithful co- 
operation. The mechanics of vibrating 
systems, especially the simpler and vibra- 
tion-exploited forms, is accurately deter- 
minate. (‘‘Vibration Problems in Engi- 
neering” (a book) S. Timoshenko. Van 
Nostrand, 1928. A shorter analysis by the 
same author is given in Marks’ Mechanical 
Engineers’ Handbook, McGraw-Hill, 1980, 
p. 489-502.) Critical examination is in- 
vited rather to the more practical cantilever 
form of the reeds than to the earlier xylo- 
phone mounting. The later assembly adds 
to the unchanging elastic properties of low- 
stressed steel the rigid stability of clamped 
support, simplifies the construction, and 
facilitates the variation of combinations 
from unitary elements. As an example, 
the reed-and-contact system may be 
mounted above the transformer flatwise in- 
stead of cylindrically, with resultant im- 
provement in compactness. This is shown 
in figure 1 of this discussion. 

In the transformer, further simplified de- 
sign eliminates all punching of the core 
slots by the employment on each side of 2 
thin magnetic gaps instead of one, and of 
plain rectangular strips for the intervening 
teeth. These are economies not only for 
manufacture but also for the further demon- 
stration suggested by Linebaugh. With 
these strips and with form-wound stock 
coils the assembling of a transformer may 
be made as unitary as that of the commuta- 
tive system. 

H. W. Anderson’s comparison of the ma- 
chine with a rotary converter leads to the 
somewhat closer analogy of the dynamotor. 
When stripped of moving mass and of link- 
age with a d-c magnetic field as he properly 
stipulates, either picture becomes practi- 
cally that of the polyphase transformer with 
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commutation (which must be dual), The 
transients particularly take on the simpler 
characteristics belonging to a transformer. 
The simultaneous primary-secondary short- 
circuiting that makes the commutation 
operative isolates the commutated winding 
elements from the external circuit parame- 
ters. The noninfluence of the last upon 
wave shape is one of the degrees of freedom 
from reactance, reflecting the converter’s 
simplicity in terms of 7 = e/R, that is fur- 
ther appreciated in view of Anderson’s ref- 
erence. Relations of this machine’s tran- 
sients to those of rotary machines are 
considered below, among those brought for- 
ward by C. C. Herskind. 

Use of electronic tubes had been consid- 
ered, and discussed in the author’s corre- 
spondence. It is workable in suitable form 
and may prove advantageous for high volt- 
ages and large powers. Replacement of 
solid contacting by vapor conduction would 
introduce the voltage drop that is the limi- 
tation upon the efficiency of vapor rectifiers 
applied to lower voltages. At all voltages 
for power outputs not less than a kilowatt 
the costs of vibratory contacting elements 
should be far below those of electronic tubes, 
original and replacement. 

In distinction from rectification, commu- 
tation of closed windings employs the con- 
tacting elements only from 10 to 15 per cent 
of the time. As in the case of rotary com- 
mutation, we can afford to have the seg- 
ments so briefly active, because they are 
then worked at such high current densities 
as to require the intervening cooling, and 
because they are simple metal blocks of 
relatively small size and investment. But 
technological unemployment of hot-cathode 
vapor rectifiers during 85 per cent of the 
time might prove expensive. 

C. C. Herskind pertinently observes that 
for satisfactory service the machine must 
continue to function during or immediately 
after certain transient conditions. In com- 
parison with a synchronous converter or 
synchronous motor generator set the sta- 
tionary type has no rotary armature to en- 
gage in hunting from inherent or external 
causes, hence no corresponding danger of 
dropping out or flashing over. Ifthe supply 
feeder should swing rapidly because of a 
hunting load elsewhere, the commutation 
would be mildly affected; but the machine 
would not contribute to the swinging. 

As in a vapor rectifier with an anode idle 
or a multipolar rotary converter with a 
brush removed, the stationary converter 
would function with a contact stiiled or dis- 
connected, provided the conditicns be made 
comparable. That is to say, in a vibratory 
converter big enough to be wound multipolar 
and multipath, the other paths would assume 
the burden, at reduced total rating. Evenin 
a bipolar machine there is normally division 
among 3 contacts at a “‘brush position’’; and 
2 left alone could carry on, over-loaded but 
with no space-serial neighbor to which sparks 
(if any) could be contagiously passed. 

The starting transient is that of an or- 
dinary transformer. If residual magnetism 
and initial voltage conspire to produce a 
starting rush, it is only that of exciting cur- 
rent through the 3-phase leads. The com- 
mutators are innocent of its occurrence, and 
no flashover or sparking results. If the 
machine is operating as a d-c to d-c trans- 
former, its excitation is still supplied through 
separate polyphase leads. 


For secondary (direct current) or internal 
short circuit the machine should be pro- 
vided with a primary breaker, which may 
be reclosing, as in the case of an a-c trans- 
former. Since the machine does not have 
to be accelerated and synchronized on re- 
starting, the main objection to primary 
breaking is removed. The breaker should 
not disconnect the commutative actuator, 
which should continue to drive the reeds in 
the interim. For the larger jobs there may 
be provided current-limiting reactors in the 
primary leads, collaborating with the over- 
load switch. They limit the rush not only 
directly but, because of the slight inertia of 
the reeds, also by throwing the commutation 
out of phase instantly and for the brief 
period before the opening of the power 
switch. If desired, an input-output power 
differential relay can be employed. These 
provisions seem ample to protect the 
secondary system, the converter including 
its output commutator, and the primary 
system. 

Reduction of a-c voltage has less than 
proportional effect upon the vibration am- 
plitude of the reeds and, for practical 
ranges, need have none at all upon the com- 
mutative contacting period. The design is 
such that the reed-mounted members over- 
swing considerably, and break contact at 
timing limited by the return stroke of the 
other or ‘“‘passive’’ members. 

As to frequency variation, the curve of 
amplitude of response of reeds can be made 
rather flat for some distance either side of 
resonance. (‘‘Alternating Current Recti- 
fication and Allied Problems’? (a book) 
L. B. W. Jolley. John Wiley and Sons, 
1928, p. 147.) The author found in this de- 
velopment that reeds that sang naturally at 
65 cycles could easily be driven at 60 cycles. 
The temperature coefficient of frequency of 
an unloaded steel fork or reed has been 
found by measurement to be minus 0.000112 
per degree centigrade. (‘‘Theory of Sound”’ 
(a book) Lord Rayleigh. Macmillan, 1926, 
v. I, p. 86.) For an end loaded reed it is 
less by a strong function of the mass of the 
load. Hence for an extreme assumption of 
80 degrees centigrade rise, the resonance 
frequency of reeds designed for 60 cycles 
could be lowered less than half a cycle. 

Single phase operation, intended for emer- 
gency, may be considered jointly with d-c 
to d-c transformation. For either per- 
formance, polyphase excitation must be pro- 
vided. The transformer primary may be 
arranged for 3 phase supply and, if only 
single, phase current is available, capacitive 
and inductive circuits may be branched to 
supply 2 of the phases. In cases justifying 
provision against 3 phase circuits “going 
single phase,’’ such arrangements or others 
could be included. With d-c input a small 
motor generator can be provided for trans- 
former and actuator excitation, with or 
without capacitive assistance. 

The current capacity of vibrating con- 
tacts firmly meeting may be put safely at 
400 amperes per square inch with natural 
cooling, and this value may be considerably 
raised by ventilation. It is true that the 
capacity of an individual member cannot 
be increased indefinitely by enlarging its 
area. Ordinarily, the larger the faces the 
less perfect is their contacting on every 
square millimeter. Yet extremely large 
areas, backed by the resiliently laminated 
bridge, are successfully employed in the 
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classic case of the air circuit breaker, and 
especially so with its modern silver plating. 
Subdivision, including lamination, is a natu- 
ral design tendency in the vibratory con- 
verter; and resiliently floating contact sup- 
port is an easy form. 

Localized heating of the faces is largely 
caused by the negative temperature coef- 
ficient of contact resistance which, in turn, is 
usually a property of the oxide film on most 
metals as they become heated in air. The 
most universal noble contact metal, silver, 
has this property in far less degree. Alter- 
natively, the contacts may be immersed in 
nonoxidizing and otherwise benefactive gas, 
nitrogen, helium, or hydrogen, in which case 
copper will serve for the metal. 

The author shares Herskind’s view classi- 
fying the machine as a potential competitor 
of the mercury arc rectifier, the synchron- 
ous converter, and the motor generator, 
adapted especially and initially to the volt- 
age range of 600 and downward. This is 
considered without prejudice to its future 
development also for higher voltages, to 
which it is adaptable by series internal con- 
nection. Its static nature, self-complete- 
ness, compactness, low installation cost, 
and nonattendance are emphasized as ma- 
jor advantages. 

Regarding noise made by the apparatus, 
in the open air it is a buzzing, considerably 
louder than the hum of an a-c transformer 
but much less than the commutative scream 
of a rotary converter. Obviously, the new 
converter should be enclosed, with the trans- 
former portion ordinarily immersed in oil 
or other insulating liquid. 

A correction in the bibliography of the 
paper should be noted. Reference 7 
should be ‘‘Use of the Noble Metals for 
Electrical Contacts,” by E. F. Kingsbury. 
(A.I.M.E. Tech. Pub. No. 98, 1928, instead 
of No. 95, another title.) 


Electrical 


Brush Wear 


Discussion and author's closure of a paper by 
V. P. Hessler published in the October 1935 
issue, pages 1050-4, and presented for oral 
discussion at the electrical machinery session 
of the winter convention, New York, N. Y., 
January 29, 1936. 


R. E. Hellmund (Westinghouse Elec. and 


Mfg. Co., E. Pittsburgh, Pa.): It has 
been pointed out by others that the 
various phenomena observed in sliding 


contacts on a commutator are materially 
different from those observed in such con- 
tacts on slip rings. It is therefore quite 
probable that marked differences also exist 
between the wear of brushes on slip rings 
and those on commutators. This is to be 
expected because in commutators there is 
usually some sparking and consequent 
burning of material in addition to the me- 
chanical wear. This sparking may or may 
not be an important factor. I had occasion 
to observe this in a test made some time ago 
in which a slip ring and brushes were sub- 
jected to vibration with low and high cur- 
rent densities. Sparking was visible under 
both conditions of load. Although the 
wear under light load was almost negligible, 
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it was quite appreciable under full load con- 
ditions. 

There is much evidence in this paper that 
even in slip rings with steady current there 
are a great many variables that are difficult 
to control and evaluate, and it is therefore 
quite natural that investigators of this wear 
problem are not anxious to introduce addi- 
tional variables. Nevertheless, the greater 
proportion of applications of sliding con- 
tacts is in connection with commutators, 
which makes it very desirable from a practi- 
cal point of view that the investigations 
be extended to include phenomena apply- 
ing to commutators. 

The most apparent reasons for the differ- 
ence between the commutator and slip ring 
applications are: (1) The slotting of the 
commutator and other irregularities may 
introduce mechanical conditions different 
from those applying to slip rings; and (2) 
the current density in the sliding contact of 
commutators varies continuously over wide 
ranges. Possibly it might be well to inject 
these conditions one at a time into investi- 
gations as described by Hessler as this will 
permit a more correct analysis than the 
inclusion of both conditions at the same 
time. As a first step, it might therefore be 
suggested that the wear on smooth slip 
rings be investigated with continuously and 
suddenly changing current densities. | This 
would have the further advantage that the 
variations could be definitely recorded by 
the oscillograph and modified at will, which 
would not be possible on a commutator: in 
actual service. An arrangement of elec- 
tronic devices such as described in the paper 
“Sparking Under Brushes of Commutator 
Machines” (R. E. Hellmund and L. R. Lud- 
wig, Evec. ENcG., v. 54, March 1935, p. 
315-21) might be used for this purpose and 
give valuable basic information. 


R. M. Baker (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): I think: the 
author is to be commended on the pains- 
taking effort which he has made to obtain 
information on a subject which is so im- 
portant to the understanding and overcom- 
ing of the many difficulties associated with 
the operation of sliding contacts, an effort 
in which he has tried to eliminate as many 
of the variables as possible. It seems to the 
writer that about all that can be said at 
present of test data obtained on the per- 
formance of carbon brushes, whether inter- 
est is primarily in brush wear or in electrical 
performance, is that the results obtained 
are characteristic of the apparatus on which 
the tests were made and upon the procedure 
of tests. If the size of brush, the type of 
brushholder, the nature of the ring material, 
the degree of mechanical perfection in the 
apparatus, the finish of the ring surface, 
the diameter of the rings, the speed of ro- 
tation, the number of brushes operating in 
parallel, the duration of the test, or any 
one of a number of other unknown factors 
is changed, it is very probable that the re- 
sults of the test will be altered. It is also 
known that the dust content, the moisture 
content, and the temperature of the atmos- 
phere around the contacts, as well as the 
chemical composition and purity of this 
atmosphere, can produce equally large 
variations in results obtained. Hessler 
took measures to eliminate these latter 
variables as far as possible. 


While the author maintained the abso- 
lute humidity essentially constant through- 
out the series of experiments, it is well to 
notice that the value maintained (about 14 
grains per cubic foot) is a little higher than 
that occurring normally even on the most 
humid summer days. This fact may partly 
explain the exaggerated polarity effect ob- 
served in most of his data. I believe that 
some later work by him indicates this to be 
the case. 

It would seem that the greatest factor of 
uncertainty in this series of tests is the shape 
of brush, and the type of brush holder used. 
A long narrow brush is naturally unstable 
and subject to chatter; especially when used 
in a radial holder. This is a point which I 
feel should be checked by repeating some 
of the tests with a low flat brush or with 
some other arrangement which insures con- 
tinuous contact between the brush and the 
ring. 

Regarding the large polarity effect ob- 
served, it is the writer’s experience that for 
carbon brushes, as well as for metal graph- 
ite brushes, the brush wear is usually 
greater where the brushes are negative in 
the motor sense, but the ratio is seldom 
found to be more than 2 to 1, and in many 
cases is much less. True, all of the tests 
made by the writer have used larger 
brushes, and there was always more than 
one brush per ring. The rate of wear found 
by Hessler for the negative metal graphite 
brushes is about normal, but the wear on 
the positive brushes is phenomenally high. 
The constant rate of brush wear for the 
negative metal graphite brushes for all 
values of current is definitely contrary to 
the writer’s experience. In some recent 
tests cases were observed where the rate of 
brush wear at 110 amperes per square inch 
was 6 or more times greater than the rate 
of wear at zero current. These tests were 
made on large copper-alloy rings with 4 
brushes per ring, operating in air with an 
absolute humidity of about 3.5 grains per 
cubic foot. 

It is to be hoped that Hessler will continue 
this investigation, gradually changing the 
conditions of test until he is able to draw 
general conclusions as to what rate of brush 
wear may be expected under various operat- 
ing conditions. This would be an achieve- 
ment of great practical value, and when this 
point is reached it should be possible to in- 
terpret the results in terms of fundamental 
phenomena, and the process of brush wear 
in sliding contacts will most probably be 
entirely understood. 


M. S. May (Speer Carbon Co., St. Mary’s, 
Pa.): I can sympathize with the author 
when he is criticized because his test 
methods do not duplicate service methods. 
However, I want to call attention to one 
additional difference between his methods 
and operation conditions. In his test the 
positive and negative brushes do not trail 
each other but run in separate tracks. 
This permits the brushes of opposite polari- 
ties to build up different types of commuta- 
tor surfaces, which condition would not pre- 
vail in actual operation. 

The point in the paper which most im- 
pressed me was the difference between the 
metal and nonmetal grades of brushes. In 
the case of the metal grades, the positive 
brushes wore very much faster than the 
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negative. In the case of the carbon grades, 
the reverse was true. I am wondering 
whether this might be partially explained 
by some tests which have been made on 
disks for rheostats. 

It was found that a pile of such carbon 
disks, copper plated on one side, showed an 
increased resistance as compared with the 
unplated disks, doubtless due to the oxide 
film. It was also observed that such a pile 
showed a higher resistance when the cur- 
rent flowed in one direction in relation to the 
copper coating than when it flowed in the 
opposite direction. The interesting point, 
however, was that the carbon disks showed 
a very decided increase in contact resistance 
from copper coating, whereas disks from the 
metal graphite brush grades showed a dis- 
tinct drop in contact resistance from cop- 
per coating. 


V. P. Hessler: The author quite agrees 
with R. E. Hellmund that the investiga- 
tions should be extended to include the 
effects of commutation as soon as possible. 
Both slip rings and commutators were 
considered before starting the investigation 
It was considered that since there was no 
fundamental information available concern- 
ing the effect of current density upon elec- 
trical brush wear it would be desirable to 
operate under controllable current density 
conditions. Also the results on a commu- 
tating machine would have been dependent 
upon the quality of commutation. The 
author has not yet found a method of ex- 
pressing the quality of commutation quan- 
titatively. 

The author has already conducted some 
tests upon slip rings with an alternating 
current superimposed upon direct current. 
Further investigation upon slip rings with 
suddenly changing current densities as 
suggested by Hellmund should be instruc- 
tive. 

The mechanical abrasion effect of a com- 
mutator as compared to slip rings could be 
investigated with the aid of a commutator 
having all bars short-circuited. Such an 
arrangement would eliminate short-circuit 
current difficulties and give results which 
could be compared quantitatively with slip 
ring operation. : 

R. M. Baker’s statement that the results 
obtained are characteristic of the apparatus 
on which the tests were made and upon the 
procedure of the test is quite correct. The 
investigations reported in this paper repre- 
sent only a small portion of those conducted 
by the author. (See ‘‘The Effect of Vari- 
ous Operating Conditions Upon Electrical 
Brush Wear and Contact Drop,’ Bulletin 
122, Iowa Engineering Experiment Station.) 
However, all of the results obtained uphold 
the particular conclusions reached in this 
paper. The numerical value of the wear 
does change with the variables suggested 
by Baker. 

A brush of larger cross section would have 
been preferred except for the additional 
cost of power for circulating current. The 
radial type of holder was chosen to facilitate 
measuring the brush wear. It is possible 
to measure the length of a square end brush 
with much greater accuracy than a beveled 
brush. The brush boxes were made very 
accurately and were set very close to the 
ring. Audible chatter has occurred only 
on very rare occasions during the 4 years 
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the tests have been in progress. 

M. S. May’s statement concerning trail- 
ing and nontrailing brushes is very import- 
ant. No investigations of trailing brushes 
had been made by the author at the time 
of writing this paper. Such investigations 
have since been made with distinctly dif- 
ferent results. The conclusions reached in 
this paper must be considered to apply to 
the case of positive and negative brushes 
operating upon separate paths. 


A Static Thermionic 
Tube Frequency Changer 


Discussion and authors’ closure of a paper by 
A. Schmidt, Jr., and R. C. Griffith published 
in the October 1935 issue, pages 1063-7, 
and presented for oral discussion at the elec- 
trical machinery session of the winter conven- 
tion, New York, N. Y., January 29, 1936. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Many 
thermionic tube arrangements have been 
proposed in Europe for use in changing from 
one frequency to another without an 
intermediate d-c circuit. The difference 
in the various circuits proposed is chiefly 
the number and arrangement of the tubes, so 
that without using an unduly large number 
of them the desired wave shapes may be 
obtained with a minimum outlay for trans- 
formers and filtering equipment. In all 
these European arrangements there is, 
however, one favorable factor, their stand- 
ard frequencies of 50 cycles for general 
power circuits and 162/3; cycles for railway 
work result in an integral conversion ratio 
of 3 to 1. 

With the standard frequencies used in 
the United States, direct conversion with 
any of the possibilities known to me would 
result in a continuously changing pattern of 
voltage and current waves, which in turn 
would make the problem of filtering equip- 
ment very difficult. However, in a few in- 
stances there may be special conditions 
such as described in the paper under which 
the application of such direct conversion 
arrangements will be justified. I should 
like to know if the authors agree with these 
statements. 


C. C. Herskind (General Electric Co., 
Schenectady, N. Y.): Mercury arc recti- 
fiers have been used for some time and their 
characteristics are quite well known. With 
the development of control grids, the use of 
rectifiers for other purposes than straight 
rectification was proposed; one of these 
proposed uses is that of frequency changing. 

Static frequency changer circuits may be 
divided into 2 general types. The first 
type is that in which a rectifier and inverter 
are connected in series with a d-c link be- 
tween them, and is similar to many of the 
proposed schemes for d-c transmission. 
The other type has been termed by some 
the composite type of circuit, in that the 
same anode performs the dual functions of 
rectification and inversion. Two of the 
fundamental problems which must be 
solved in order that these circuits may be 
successful are commutation and wave form. 


It would seem that the rectifier-inverter 
type of circuit would have the better wave 
form as the pulsations in one network are 
not carried over into the other network be- 
cause of the d-c link connecting the rectifier 
and inverter, whereas in the case of the com- 
posite type of circuit no wave smoothing 
element is provided. The composite type 
of circuit would seem to possess some ad- 
vantages with regard to commutation, par- 
ticularly in the case where the output fre- 
quency is lower than that of the input, as 
commutation may be effected from the in- 
put system, while in the case of the rectifier- 
inverter type of circuit some means must 
be provided for commutating the inverter. 
Furthermore, a frequency changer using the 
composite type of circuit will be lower in 
cost than one using a rectifier-inverter. 
At the present time it cannot be decided 
which type of circuit is superior, but the in- 
stallation described in this paper will fur- 
nish a basis for the determination of the 
merits of the composite type. This fre- 
quency changer, which I believe is the 
first unit of its type in commercial service 
in the United States, has been in successful 
operation for approximately a year. 


A. Schmidt, Jr., and R. C. Griffith: It is 
generally possible to obtain with a static 
frequency changer any frequency ratio 
which would result from the use of a syn- 
chronous motor generator set. For in- 
stance, the use of a 4 phase input trans- 
former connection, with 4 anodes firing 
during each output half cycle, would result 
in a frequency ratio of 60 to 24, and a 10 
phase input transformer connection, which 
may be obtained by zigzagging the trans- 
former secondary windings, will give a 
frequency ratio of 60 to 25 if 8 anodes are 
fired during each output half cycle. 
Asynchronous operation with any circuit 
arrangement would result in a changing 
pattern of voltage and current waves, as 
has been suggested. This will be equally 
true with synchronous ratios of 3 to 1 or 


any other value. 


The Compensated 
Thermocouple Ammeter 


Discussion and author’s closure of a paper by 
W.N. Goodwin, Jr., published in the January 
1936 issue, pages 23-33, and presented for 
oral discussion at the instruments and measure- 
ments session of the winter convention, New 


York, N. Y., January 28, 1936. 


J. H. Miller (Weston Electrical Instrument 
Corp., Newark, N.J.): The electrothermic 
ammeter, such as that described in this 
paper, has negligible errors at frequencies 
considerably higher than the so-called 
broadcast band. For extremely high fre- 
quencies, however, the skin effect and other 
errors begin to be of importance despite the 
design of the heating conductor. 

The most important error at extremely 
high frequencies is that of the increase in 
the effective resistance of the heated con- 
ductor, due to skin effect. Taking equa- 
tion 19 from this paper, we can substitute 
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for the actual resistance of the heater strip 
times its dimensions or 


a= = (1) 


which gives the original equation in the 
form 


T2RAE 
— T) = (2) 
ee) BE Ra 
Canceling through, 
IP?RL 
a = (3) 
“a t) Ska 


It may be noted that the temperature rise 
of the strip is proportional to the square of 
the current and directly to the resistance. 
If the effective resistance increases because 
of skin effect, a greater amount of heat 
will be developed, the temperature of the 
strip will rise, and in a complete instrument 
the reading will be higher than for the same 
current at a lower frequency. 

Assuming a standard instrument, that is, 
one calibrated at low frequency, the error 
caused by an increase in effective resistance 
due to skin effect at high frequency may be 
determined. Let R, be the effective resist- 
ance at the high frequency under considera- 
tion, and put in a sufficient current at low 
frequency and then at high frequency to 
give the same indication on the instrument 
or the same strip temperature; let the true 
effeetive current at high frequency be h. 

Then the 2 values may be equated as 
follows: 


I?RL 
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I?R = T,?R, (5) 
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This shows that the true high frequency 
current in terms of a calibration at low 
frequency is equal to the square root of the 
ratio of the resistance at low frequency to 
that at high frequency. The ratio of 
high-frequency resistance to low-frequency 
resistance of a wire of a given size and 
material is given in tabular form in various 
handbooks. At a frequency of 100 mega- 
cycles, as an example, the resistance of an 
11 mil platinum alloy wire is 2.57 times 
that at low frequencies. The square root 
of the reciprocal of this figure is 0.624. 
An instrument using such a heater wire 
will, therefore, give an indication that is 
too high at 100 megacycles, and the true 
current will be 62.4 per cent of the indica- 
tion. 

The above is predicated on the assump- 
tion that the skin effect error is the only error 
appearing. It is, of course, necessary that 
capacitances shunting the heater strip be 
kept small and this usually can be done. 
It should be pointed out that the capacitive 
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current will be in quadrature with the heater 
current and may, therefore, rise to a value 
of 10 per cent of the heater current before 
the error it causes will become greater than 
0.5 per cent. 

There are other minor errors which may 
enter, and it should be pointed out that in 
the calculation of the high frequency resist- 
ance ratio it is necessary to use the resist- 
ance of the heater strip or wire at its operat- 
ing temperature, since this ratio changes 
with the actual resistance for a given size 
and material. 

When all of these factors are taken into 
consideration, excellent checks may be made 
through the use of comparison methods 
using very fine filaments in which the skin 
effect is small. 

It appears, therefore, that the com- 
pensated thermoelectric ammeter is quite 
useful for measuring currents of extremely 
high frequency when adjustment of the 
readings is made for the skin effect in the 
heater for the frequency being used, and 
when the design is such that capacitance 
and proximity effects are of a low order. 


J. H. Goss (General Electric Co., W. Lynn, 
Mass.): The author has developed the 
equations for heat flow in thermocouples 
and shunts and has shown how it is pos- 
sible to utilize the temperature difference 
between the center of the heater wire and 
the terminals or compensators for the 
measurement of current. 

There are certain other considerations 
that must be taken into account when de- 
signing a thermocouple from available 
materials. A short discussion of some of 
the errors that must be kept to a minimum 
by careful design might be of value. 

The temperature - electromotive force 
characteristics of thermocouple materials 
generally used are reasonably linear over a 
limited temperature range. Assume that 
the electromotive force generated per de- 
gree temperature rise increases after a 
given temperature is exceeded. An instru- 
ment calibrated for one ambient tempera- 
ture or self-heating temperature would, if 
the ambient rise moved the operating point 
off the linear portion of the thermocouple 
characteristic to the nonlinear portion, 
read slightly different from its original cali- 
bration. This is shown graphically in fig- 
ure 1 of this discussion. It should be 
remembered that the measurement of 
current with the thermocouple depends 
only upon the temperature differential (6; — 
To) and not on the actual temperatures of 
the hot and cold junctions. 

This effect may, of course, be reduced or 
eliminated by designing the couple to 
operate well within the linear portion of the 
curve, or by using materials with a wider 
linear range. Instrument sensitivity and 
heater-wire life are 2 practical limitations 
that govern the choice of materials and the 
point of operation on the temperature-elec- 
tromotive force characteristic curve. 

There are 2 other effects that may enter 
into the final error and tend to offset the 
positive error previously assumed. Equa- 
tion 19 of the paper shows that for a simple 
thermocouple with both blocks at the 
same temperature, 
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This equation may be written 
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8k/c 
where c = electrical conductivity. 

The law of Wiedemann and Franz 
states that at any temperature the ratio of 
the thermal conductivity k of a body to its 
ohmic conductivity is approximately the 
same for all metals, and the value of the 
ratio is proportional to the absolute tem- 
perature T¢. 

Equation 1 can then be written 
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where y is the constant of proportionality. 
As the absolute temperature increases, the 
ratio k/c increases and (6, — To) decreases. 


GENERATED EMF, MILLIVOLTS 
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TEMPERATURE , DEGREES CENTIGRADE 
Fig. 1. Variation of generated electromotive 
force with ambient temperature for a com- 
pensated thermocouple 


Millivolts available at 25 degrees centigrade ambient = 
13.9 

Millivolts available at 50 degrees centigrade ambient = 
14.9 


However, the resistance 7 of the heater wire 
changes slightly with temperature. For 
the majority of materials 7 increases with 
temperature and tends to offset the de- 
crease in (0, — To) caused by the increase in 
k/c. These 2 effects usually do not balance 
but tend to decrease (0, — TJ»), thereby 
acting to reduce the positive error pre- 
viously discussed. 


W. N. Goodwin, Jr.: J. H. Goss has 
referred to 2 possible sources of error in 
the compensated thermocouple ammeter, 
namely, that the thermal electromotive 
force generated is not a linear function of 
the temperature difference, and that the 
ratio of the electrical to the thermal re- 
sistivities is not constant for variations in 
temperature. 

Although these statements are entirely 
correct, the errors introduced are only of the 
secondary order. For the temperature 
operating range of the heating conductor, 
these variations are calibrated directly into 
the instrument scale for one ambient tem- 
perature, which entirely eliminates such 
errors for the temperature at which the 
instrument is calibrated. 

The final errors are the result of relatively 
small differences in the shapes of the thermo- 
couple and resistivity curves caused by 
changes in ambient temperature. 
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J. H. Miller shows in a very interesting 
manner the methods actually used to correct 
for errors resulting from skin effect at very 
high frequencies. 


The Engineering Development 
of Electrochemistry 
and Electrometallurgy 


Discussion of a paper by Paul Bunet published 
in the December 1935 issue, pages 1320-31, 
and presented for oral discussion at the elec- 
trochemistry and electrometallurgy session of 
the winter convention, New York, N. Y., 


January 29, 1936. 


C. Dantsizen (General Electric Co., Sche- 
nectady, N. Y.): The opening paragraph 
of the author’s excellent paper gives 
chemists something to think about. In 
the words of the translator, he states that 
“while one observer is impressed by the 
power of modern apparatus, its perfection, 
dependability, and the systematic organi- 
zation of the plants, another observer 
considers rather the manufacturing proc- 
esses, the chemical reactions which they 
bring into play, and according to the latter 
person changes have been rather slow during 
recent years.” 

In other words, the engineering develop- 
ment has been remarkable, while the chemi- 
cal developments in electrochemistry in re- 
cent times have not been so remarkable 
either in number or commercial impor- 
tance. This is a bitter pill for a chemist to 
swallow, particularly in this day and age 
when chemistry in other lines is making such 
rapid strides. 

The reason for this state of affairs prob- 
ably lies in the fact that the reactions in- 
volved in electrochemical and _ electro- 
thermic processes are so simple that with 
the advent of tremendous electric power 
some thirty years ago, the field of applicable 
chemical reactions was relatively quickly 
exhausted by the enthusiastic investigators 
of that period. These pioneers left little 
to be done by their immediate followers. 

The statement that the reactions involved 
in electrochemical and electrothermic proc- 
esses are fundamentally simple is not made 
with the intent to detract from the achieve- 
ments of these pioneers. It is always dif- 
ficult to expose elementary ideas and we 
surely cannot blame them for doing such a 
thorough job in their generation. 

There may be some question as to why 
these electrochemical and electrothermic 
reactions are elementary. The answer is 
that the nature of the processes involved 
make them so. With the theory of ioniza- 
tion firmly established as a good working 
hypothesis, as it was over 30 years ago, 
most of today’s commercially successful 
electrolytic processes were quickly grasped 
by the bright young men of that early 
period. 

Electrometallurgy and _ electrothermic 
processes involve chemical reactions at ele- 
vated temperatures. The more elevated 
the temperature of a reaction, the less com- 
plicated from a molecular standpoint are 
the reacting materials and the less complex 
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are their reactions. None of us can write 
out even a small proportion of the reactions 
which take place in a living being at ordinary 
temperatures, but any first year chemist can 
make a good guess at the reaction for the 
formation of calcium carbide at high tem- 
peratures. 

Does this mean that this field cannot ex- 
pect any more help from the chemist and 
that the engineering will continue on its 
way unaided by chemists? Emphatically, 
no! During the past decade a brand new 
type of chemist has appeared in great 
numbers; men who specialize in physical 
chemistry; men who are well trained in 
the thermodynamics of chemistry. It is 
with these men our hope lies to give the 
electrochemical and electrothermic indus- 
tries new processes, new methods, and im- 
provements on existing processes and meth- 
ods. These men have knowledge of thermo- 
dynamic principles little known thirty 
years ago and should give great help to the 
industry in question. Evidence at present 
indicates that the development of gaseous 
reactions at elevated temperatures will soon 
reach great commercial importance. 

The study of such reactions has a special 
appeal to the physical chemist because 
their speed particularly in the presence of 
catalyzers is so great, and because they 
tend to follow so closely the laws of chemical 
equilibria. We have, for example, made 
hydrogen electrothermally from the hydro- 
carbon butane with the expenditure of only 
80 kilowatt-hours per 1,000 cubie feet in- 
stead of 125 kilowatt-hours used in the 
electrolysis of alkaline water. 

Our knowledge of chemical equilibria in 
oven atmospheres certainly is increasing and 
is finding wide application in heat treatment 
of steel and other metals. 

Acetylene, which we obtain by the reac- 
tion of calcium carbide and water, has be- 
come the basis of huge chemical industries. 
As the author has illustrated so clearly, the 
cost of producing calcium carbide has been 
brought down very low by good engineer- 
ing. Still it does not seem right that a 
substance which contains only carbon and 
hydrogen should have to be made by such 
a process. It seems as though it should be 
made commercially by direct synthesis or 
by the breakdown of higher hydrocarbons. 

The foregoing are just illustrations of 
many processes which probably will reach 
commercial importance. It may be argued 
that many of such gas reactions are in the 
province of the combustion engineer as 
well as that of the electrical engineer. If 
this is so, they illustrate cases where the 
chemist has offered the electrical engineer 
reactions which, by the application of good 
engineering, can be held in the province of 
electrothermics. 

If the author’s first paragraph is accepted 
as true for the time being, it may be said 
that it does not seem probable that there 
is going to be a dearth of new electrochemi- 
cal processes in the future. 


C. C. Levy (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): The author of 
this paper has discussed, of necessity very 
briefly, the relative merits of the various 
alternating current to direct current con- 
version units which may be used in these 
industries. It might be interesting, there- 
fore, to consider them somewhat more 


fully, and also in the light of accepted prac- 
tice in this country. 

The motor generator set and the syn- 
chronous converter have been used up to the 
present in practically all installations. The 
motor generator set is by far more flexible 
as far as voltage regulation is concerned, 
while the converter is superior in efficiency. 
The choice between the 2 installations de- 
pends to some extent on the relative im- 
portance given to these individual advan- 
tages. 

A third conversion device, the mercury 
are rectifier, is now available for this serv- 
ice, and it possesses certain advantages 
which have recently brought it into promi- 
nence. Although the author lists the large 
currents required in electrochemical work as 
a disadvantage, our experience in this 
country leads us to conclude that large 
currents do not present any difficulty 
for the mercury arc rectifier. For ex- 
ample, installations with units of 5,000 or 
6,000 amperes capacity are not uncommon 
and larger capacities can be furnished. 
The low voltages in common use in these 
industries, however, do hinder the realiza- 
tion of the efficiency possibilities of the 
mercury arc rectifier. 

At the usual voltage of 250 the efficiency 
of the motor-generator set and the mercury 
are rectifier are of the same order. Above 
this voltage the mercury arc rectifier ef- 
ficiency is better than that of the motor 
generator set, and at 500 volts it is slightly 
superior to that of the synchronous con- 
verter. In view of this, operating engineers 
are considering the use of 500 volts for many 
electrochemical processes, and some are 
actually using it at the present time. The 
difficulties from an insulation standpoint 
are slight in most cases. A more serious 
problem is the hazard to human life, where 
occasional operations are required on cells 
that are alive; another is that many in- 
stallations use a multiple system for supply- 
ing the cell blocks, and are already or- 
ganized on a 250 volt basis. 

Both of these difficulties can be overcome 
in many instances. The first one may be 
avoided by connecting the neutral point 
of the cell string to ground, thereby reducing 
by 50 per cent the possible potential which 
an operator standing on ground and touching 
either the positive or negative terminal, 
might encounter. Insulation around the 
cells will, of course, remove the danger 
resulting from accidental contact with 
either positive or negative, and the physical 
separation of the ground and the positive 
and negative terminals preclude the possi- 
bility of contact between these points. 

It is true that the leakage circuits to 
ground from the various cells, through cir- 
culating electrolyte, etc., are seldom equal 
in value or symmetrically disposed around 
the center of the cell string. Asa result the 
actual electrical neutral may not corre- 
spond with the middle of the cell string. 
There is some question also as to whether 
a low resistance metallic connection to 
ground is necessary, in view of the fact 
that leakage paths through circulating 
liquid establish a ground of varying high 
resistance in any case. 

It seems that the grounding of a point on 
the cell string-can only be determined by an 
analysis of each individual case, since the 
operating conditions are not the same for 
various electrochemical processes. 
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The problem of dealing with installations 
already organized on a 250 volt basis in a 
measure takes care of itself, since at 250 
volts there is a definite economic limit to the 
d-c capacity of a bus, beyond which segrega- 
tion of power distributing busses becomes 
necessary in any case. There is, therefore, 
no reason to prevent a large plant, reaching 
its 250 volt capacity, from installing addi- 
tional power at 500 volts to form the nu- 
cleus of a 500 volt distribution which will 
have twice the energy available for the 
same amount of copper and will operate at 
higher efficiency. 

Interchangeability of units still may be 
provided in emergency by arranging the 
rectifier transformer for 250 volt operation 
getting in this way approximately half the 
capacity of the rectifier in case an inter- 
connection with the 250 volt system be- 
comes necessary. 

Future improvements in mercury arc rec- 
tifiers for this service are to be expected. 
A recently developed device, the igniter 
type of mercury arc rectifier, will show ef- 
ficiency comparable to that of the syn- 
chronous converter at 250 volts, because of 
its inherently lower arc voltage drop. With 
this additional conversion device, the 
needs of the industry are well supplied. 


Power and Energy, 
Positive and Negative 


Discussion and authors’ closure of a paper by 
L. A. Doggett and H. |. Tarpley published in 
the November 1935 issue, pages 1204-9, 
and presented for oral discussion at the instru- 
ments and measurements session of the winter 
convention, New York, N. Y., January 28, 
1936. 


A. E. Knowlton (Electrical World, New 
York, N. Y.): The authors have been 
kind enough to refer to my contributions 
in company with those of W. H. Pratt and 
Vladimir Karapetoff. It might add to an 
appreciation of the significance of the 
present paper to show the practical value 
of the power ratio in circumventing the 
mysteries of power factor to those lay in- 
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dividuals who encounter a power factor 
clause in their power contracts. They 
lack the time or acumen to penetrate the 
domains of vectors, sinusoids, and harmonic 
components. For them a more convincing 
concept would be desirable, especially if it 
carried more actuality than the supposi- 
tious reactive kilovolt-ampere component 
which is the basis of most power factor 
metering. 

Thus it should not be difficult to educate 
power users to the progressive shift of the 
energy flow from all positive to more and 
more negative as reactive loads enter to 
store energy and disjoint the simultaneity of 
current and voltage alternations. Energy 
which is reciprocating between load and 
source to balance the inequality of in- 
stantaneous generation and consumption is 
a tax on all facilities, both line and terminal. 
That all physical reality is lacking in the 
case of the conventional reactive power may 
be seen from figure 1 of this discussion. 
Contrary to the common concept, reactive 
power does not flow back and forth in the 
line. The only actual reciprocating transfer 
is the energy represented by the negative 
loop of the displaced power wave and its 
counterpart in the positive loop. Part of 
what is called reactive power never leaves 
the inductive locale. It accumulates there 
and then shifts to augment the useful ap- 
plication as torque or heat. It is only the 
negative loop which is involved in actual 
energy reciprocations. The quantity D 
identical with C does not return over the 
line to the generator. It is a delayed inter- 
action of energy temporarily stored in the 
reactive element of the receiver. 

In addition to the practical lay appeal of 
the power ratio there is the further fact 
that power ratio is much closer in propor- 
tionality to the excess capacity factor 
(1 — cos #) occasioned by low power 
factor than is the reactive component usu- 
ally measured. This can be seen from figure 
2 of this discussion. 

However, it must be admitted that what 
may be gained in persuasiveness of the 
power ratio concept with the nontechnical 
power purchaser is wholly lost in academic 
simplicity. Once the student has mastered 
elementary vectors and sinusoids he ac- 
quires a grasp of power factor and cos @. 
Imagine, if you can, his bewilderment if he 


Fig. 1. Sinusoidal 
waves showing that 
only a part of the re- 
active component re- 
ciprocates as energy 
between alternatorand 

reactive receiver 
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A inusoidal voltage e sustains a sinusoidal current i through a series circuit of inductive reactance and ‘noninductive re- 


sistance, so proportioned that i lags e by 60 degrees, 


The voltage, the current, and the instantaneous energy flow at the 


receiver terminals. Within the receiver energy is stored in and recovered from the magnetic region which constitutes the 


inductance, and energy is converted to heat, light, and mechanical work. 


During the period from 60 degrees to 150 de- 


grees the receiver is taking energy from the line, and the energy is not being converted to heat, light, and mechanical 


energy as fast as it is delivered to the receiver. 


During this interval e X i exceeds i2R and energy is being stored in the 


magnetic field. This is represented by the sum of the areas Band C. Aftere X i decreases to equality with i2R at 150 

degrees, the energy being converted in the receiver is sustained by a transfer of energy D from the quentity stored in the 

magnetic field. This quantity D, identical with C, does not return over the line to the generator. After the initial transfer 
of this energy from the generator to set up the magnetic field, it remains within the confines of the receiver 
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be asked to view the ineptitude of energy 
consuming systems through the medium of 
the formidable expression 


[(r — ¢) cos ¢ + sin ¢]/(¢ cos @ — sin ¢) 


for the power ratio instead of the simple 
factor cos @ now employed. 

Presumably we shall have to continue to 
tolerate the vagaries of power factor in 
erudite circles because they resist simplifica- 
tion and clarification but there is some 
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Fig. 3. A circuit in which there is no power 
and no reactive component, yet power factor 
is unity 


reason for grasping for a substitute in com- 
mercial practice. That is especially true 
with the growth of furnace and welding 
loads that promote distortion and unbal- 
ance. The authors have contributed some- 
thing significant to the case of distortion but 
apparently they leave polyphase unbalance 
practically unanswered. In the matter of 
distortion, however, it is not clear that 
figures 8 and 10 of the paper should be 
construed as condemning the rectification 
method of ascertaining the power loop 
ratio. If the reference curve in each case 
were modified to reflect the degree to which 
true power factor is affected by harmonics, 
it is possible that the discrepancies between 
curve and experimental data would vanish. 

As for the unbalance and lack of sym- 
metry, I would ask whether the authors 
have applied their method or analysis to 
the extreme situation presented in figure 3 
of this discussion. Here the power is 
zero, the reactive volt-amperes are zero, 
the total volt-amperes 1,730, and the power 
factor would be unity. I would ask 
whether the authors have explored this 
ideally extreme case and what their tech- 
nique would show as to power ratio and 
also as to power factor interpreted from 
power ratio. Such a circuit is not likely 


ELECTRICAL ENGINEERING 


to be encountered in practice but it does 
help to disclose weaknesses that might 
otherwise remain concealed in a practical 
situation. 


W. C. Wagner (Philadelphia Electric Co., 
Philadelphia, Pa.): The authors have 
demonstrated that positive and negative 
energy and power may be measured approxi- 
mately, and that a power ratio determined 
from the relation of positive to negative 
energy or power is measurable, definable, 
and readily interpreted for single phase and 
balanced 38 phase conditions, regardless of 
wave shape. 

Considerable credit is due the authors and 
also A. E. Knowlton and W. H. Pratt for their 
work in attempting to provide a means of 
interpreting circuit conditions in a more 
scientific way than by use of the term power 
factor. 

In practical commercial measurements 
consideration must be given not only to the 
accuracy for a measurement, which is of 
relatively minor importance in determining 
charges made for electric service, but also to 
continued reliability, cost of maintenance 
of the measuring equipment, and the eco- 
nomic value of a possible improvement in 
the accuracy of the determination. 

There is no question of the accuracy of 
the energy measurement itself, and this and 
the maximum demand represent the prime 
factors on which charges are made for elec- 
tric service. In the practice of many utili- 
ties an adjustment for power factor is made 
only to the maximum demand, and experi- 
ence has shown that there is little variation 
in power factor values for specific customer 
loads under actual operating conditions ap- 
proaching maximum loads (see ‘‘Compensat- 
ing Metering in Theory and Practice,’ G. B. 
Schleicher, A.I.E.E. TRANS., v. 52, Sept.- 
Dec. 1933, p. 816-23). Experience has indi- 
cated also that in most cases the continuous 
measurement of power factor is not justified 
by the economic value of the pessible minor 
variations which would be found, as com- 
pared with a test made at intervals under 
conditions approaching the maximum de- 
mand (see ‘“‘Operating Aspects of Reactive 
Power,” by J. A. Johnson, ELEc. ENGG., 
v. 52, April 19383, p. 262-8). The same 
conclusions very properly apply to a deter- 
mination of power ratio as proposed by the 
authors. ; 

The improved accuracy of the proposed 
method is open to question. While its 
chief advantage is the evaluation of a non- 
sinusoidal wave shape, it should be noted 
that the copper oxide rectifier itself causes 
changes in wave shape (‘“‘Copper Oxide 
Rectifiers in Ammeters and Voltmeters”’ 
by Edward Hughes, Journal of the Institu- 
tion of Electrical Engineers, 1934, p. 462). 
While this effect may be reduced greatly 
by connecting a low resistance shunt across 
the current transformer, it is possible that a 
similar effect would be apparent in the 
rectified current of the type 80 tube. The 
effective impedance of the latter will also 
change with variations in the supply volt- 
age because of their effect on the voltage 
applied to the filament. The effect of the 
relatively large burden on the current trans- 
former should be considered, and the d-c 
meter itself, with its commutator and heavy 
moving element, has not reached either the 
reliability or the high degree of accuracy of 
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the a-c induction watt-hour meter which 
may be used for measuring energy and reac- 
tive kilovolt-amperes. 

While small generators sometimes have 
nonsinusoidal voltage waves, for practical 
purposes this does not apply to the supplies 
of the large interconnected utility systems of 
today; hence, the proposed method may be 
considered primarily in the light of possible 
distortion of current wave forms, which may 
be produced by the exciting current of trans- 
formers, static condensers, arc welders, 
etc. In practice, distortion produced by 
such means is generally superimposed upon 
larger currents of sinusoidal characteris- 
tics, and the distorting effect on the re- 
sultant current becomes negligible for pur- 
poses of practical measurement. This is 
particularly true under maximum loads for 
which power factor determination, or an 
equivalent measurement, is of value for 
billing purposes. 

For the scientific investigation of circuits 
in which harmonics are present, a method 
such as that proposed will undoubtedly be 
of value. From a commercial standpoint, 
power factor supplies a distinct need 
(see ‘Reactive Power and Power Factor,” 
W. V. Lyon, A.I.E.E. TRANs., v. 52, Sept.- 
Dec. 1933, p. 763-70), in that it serves a 
useful purpose for specifications of power 
rates, and its measurement from the rela- 
tion of reactive kilovolt-amperes to kilo- 
watts is sufficiently simple for use in prac- 
tical commercial measurements. 


W. H. Pratt (General Electric Co., W. 
Lynn, Mass.): This paper deals with an 
interesting departure from the ordinary way 
of evaluating the flow of energy in an a-c 
circuit. In place of quantities which have 
only a nominal existence in circuits other 
than those in which the flow of energy is 
sinusoidal, the quantities here discussed 
have a tangible existence. 

In the polyphase circuit there seems to 
be an arbitrariness in their selection; that is, 
into a balanced polyphase circuit as a whole 
there may be no negative flow of energy but 
there is still an alternating flow between its 
component parts. 

The value of the paper appears to be that 
it affords an opportunity to discuss the 
value of a particular conception of measure- 
ment in its relation to practical problems. 
As was suggested by the writer (see ‘‘Notes 
on the Measurement of Reactive Volt- 
Amperes,” W. H. Pratt, A.I.E.E. TRAns., 
v. 52, Sept.-Dec. 1933, p. 771-9) there may 
be a real use for this conception in rate 
making, but it is for the rate makers to 
say if thisisso. The reason for the sugges- 
tion is the moderate rate at which the ratio 
of positive to negative energy undergoes 
change with the departure from unity 
power factor, in contrast to the very rapid 
increase of reactive volt-amperes. 

It does not seem, in spite of the possibility 
of unequivocal numerical statement, that 
this group of conceptions would find much 
place in design problems. It is also true 
that the considerable array of so-called 
powers apparent, reactive, distortion, etc., 
may correlate with numerical identity 
conditions that have little in common when 
the wave forms are distorted. The authors 
give no clue to the procedure that should 
be adopted to effect an improvement in a 
particular situation. In the writer’s paper 


just mentioned there was pointed out a 
means of measurement of the values of 
positive and negative flow of energy result- 
ing in much more accurate determination 
than is obtainable by the direct measure- 
ments of Doggett and Tarpley. 


L. A. Doggett and H. I. Tarpley: It isa 
source of a good deal of satisfaction to the 
authors to find so many workers in this 
field independently arriving at much the 
same conclusions as our own. We there- 
fore agree with much of the discussion that 
has been presented. 

In connection with W. C. Wagner’s dis- 
cussion, it should be pointed out that the 
errors to which he has referred are largely 
eliminated in the measurement of power 
ratio, where a particular percentage error 
in the denominator is canceled by approxi- 
mately the same percentage error in the 
numerator. Evidence of this is shown by 
figure 7.of the paper. 

It should be noted that in the case of a 
small industrial load with a 100 kva bank of 
transformers utilizing static capacitor power 
factor correction, the present day measure- 
ments of power factor are little better than a 
guess because of deviation from sinusoidal 
conditions. Presumably upon this guess is 
based the customer’s improved rate follow- 
ing the installation of static capacitors. 

We have not been accustomed to students 
becoming bewildered by the expression 
for the ratio of the 2 wattmeter readings on 3 
phase power measurements, 


W2 _ cos (30 + @) e 
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fore, we anticipate no difficulty from the 
trigonometrical expression for power ratio, 
presented in the paper. In the very 
interesting case of a polyphase unbalance, 
the power ratio was quoted for 8 cases. 
These ratios give an indication of what is 
taking place at the boundary where the 
measurements are made. That the power 
ratio is descriptive of the over-all behavior 
of a polyphase unbalanced load is amply 
substantiated by the data of table I. In 
this case 15 different circuits, all consider- 
ably unbalanced, some circuits composed of 
units of resistance and inductance, others 
composed of units of resistance, inductance, 
and capacity, were tested for power ratio, 
first with clockwise and then with counter- 
clockwise phase rotation. It is common 
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knowledge that a change of phase rotation 
in the supply of an unbalanced 3 phase 
load produces a completely new set of 
currents and phase relations, although the 
load itself is left unchanged. The power 
supply and the power ratio remain the 
same for either direction of phase rotation. 
In the case referred to by A. E. Knowlton 
as figure 3 of his discussion, one wattmeter 
would have a positive power reading of 318 
watts, the other a negative power reading of 
318 watts, giving a net power reading of 0. 
318 + 318 _ 1 
318 + 318 
In simple language the interpretation is 
that the net power is zero, since there is an 
equal amount of positive and negative 
power. In answer to the question as to 
what is the power factor of this circuit our 
answer is that we do not know, and nobody 
here or abroad knows, because after a 50 
year struggle power factor still remains un- 
defined. 


The power ratio is, therefore, 


Power Company 
Service to Arc Furnaces 


Discussion of a paper by L. W. Clark pub- 
lished in the November 1935 issue, pages 
1173-8, and presented for oral discussion at 
the electrochemistry and electrometallurgy 
session of the winter convention, New York, 
N. Y., January 29, 1936. 


H. O. Stephens (General Electric Co., Pitts- 
field, Mass.): <A large part of L. W. Clark’s 
paper is devoted to lamp flicker difficulties 
occasioned by fluctuating furnace loads 
during the starting period, particularly 
when furnaces are used for melting cold 
scrap. Several suggestions are offered for 
improving this condition. It is believed 


Fig. 1. A method xX 
of reducing lamp 
flicker on a feeder 
supplying a_ single 
phase arc furnace 
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that the following corrective measure will 
provide a satisfactory solution for some 
installations. 

Figure 1 shows a feeder delivering power 
to a single phase are furnace and miscel- 
laneous lighting load. Let X represent the 
reactance of the feeder including the feeder 
transformer reactance. Most of the smaller 
are furnaces are provided with series reac- 
tors. If the series reactor is provided with a 
separate winding connected in series with 
the feeder and having a mutual inductance 
between the 2 windings corresponding to the 
reactance X in the feeder, then the feeder 
voltage will be boosted an amount corre- 
sponding to the reactive drop due to the fur- 
nace load in the feeder. 
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Although figure 1 shows the connec- 
tions for a single phase furnace, the scheme 
would work out equally well with a 3 
phase furnace. 


C. L. Dudley (Public Service Electric and 
Gas Co., Newark, N. J.): If the use of 
electric energy for direct applications in 
industry is to improve the practice of the 
user, equipment manufacturers and power 
supply engineers must all appreciate the 
problems and viewpoints of the others and 
co-operate in obtaining a best engineering 
solution. At this session a real step has 
been made in the presentation of some of 
these mutual electrical problems. Sound 
fundamental engineering has been applied 
in the case of certain very vexing ones. 

With the power supply engineer the type 
of load resulting from the use of induc- 
tion heating equipment or the resistor fur- 
nace meets a long standing criticism. They 
are steady loads of high power factor. 
It has long been one of the problems of the 
distribution engineer to supply service to 
the single phase are furnace loads which are 
to be encountered among the steel jobbing 
foundries. They are not large loads as a 
rule; hence, they can be served economi- 
cally only from the low voltage distribution 
systems. The consequent voltage dis- 
turbances create a very real barrier to the 
increased use of such equipment. If the 
resistor furnace can be made to give the 
superior qualities of electric iron or steel at 
an efficiency comparable with that of the 
electric arc, then a great step forward has 
been made. 

The author clearly outlines the major 
supply problems of are furnace loads. 
The oscillograms should be particularly 
helpful to all engineers who are required to 
pass on the practicability of serving this 
type of load. The use of reactor starting 
should be given much greater considera- 
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tion than it has in the past. Its cost is a 
very small addition to that of the entire 
furnace installation and the reduced inrush 
current, as well as the increased arc sta- 
bility, may well mean the difference be- 
tween the ability to serve and the failure to 
serve. 

Another point indirectly raised by the 
author could well be considered by pros- 
pective users of electric furnaces and by the 
power salesmen of utility companies. It 
relates to the matter of location with re- 
spect to the permissible voltage disturb- 
ances to other customers. Where a pros- 
pective furnace user is entering a new lo- 
cality or moving from one establishment to 
another, it would be very desirable to con- 


sider the availability of adequate power 
supply at minimum cost along with the 
other factors usually considered. 

Differences in design and operation of 
transmission systems will affect the matter 
of placing small transformer installations 
for furnace supply on these lines. They 
may complicate relaying and create grave 
hazards to service continuity to other 
customers. 

The use of maps to indicate areas in 
which furnace load can be accepted is prob- 
ably somewhat limited. They may be 
applied readily to some systems and not so 
readily to others. It is difficult to under- 
stand how they could be put into the hands 
of any but competent engineers of the 
power company for interpretation, and it is 
suspected that this is the use to which 
they are put by the Detroit Edison Com- 


pany. 


W. A. Lindberg (Commonwealth Edison 
Co., Chicago, Ill.): The distribution and 
density of industrial load in the Detroit 
area is apparently such that independent 
power circuits are justified. In most cities, 
of course, this is not the case. Where 
furnaces of the order of from 100 to 500 kva 
are being considered, an attempt should be 
made to provide service from the general 
distribution system, because usually the 
cost of extending and furnishing adequate 
terminal facilities on the higher voltage 
lines is relatively high. 

About 50 per cent of the distribution sys- 
tems in the United States are 3-phase 4- 
wire. Providing service to a single phase 
furnace from such a system brings up the 
problem of the best kind of service connec- 
tion to use. Service may be given from 
phase to phase, either direct primary or 
low tension through a special transformer; 
from phase to neutral, either direct primary 
or low tension through a standard trans- 
former; low tension from one phase of a 
star-delta bank; through the so-called Z 
connection, which is a star primary with the 
neutral closed, and secondary similar to 
delta, except that the delta is not closed at 
one point, and secondary of one transformer 
is reversed. 

Table I shows relative values of signifi- 
cant factors to be consideredin studying serv- 
ice to furnaces from 3-phase 4-wire sys- 
tems. Where affected by variable condi- 
tions, the values shown are based on a dis- 
tribution circuit of 11/2 miles of number 2/0 
overhead wire, equipped with 200 ampere 
regulators. The voltage fluctuations are 
calculated on the basis of a power factor of 
0.40 for the corresponding load change. 
Figures for voltage fluctuations with 3 
phase furnaces are not shown because a 
study of the paper indicates that this com- 
parison is not susceptible to mathematical 
treatment. 

Where conditions are such that voltage 
regulation is a problem in providing service 
to a single phase furnace, not only must 
the various schemes be compared on the 
basis of highest fluctuation for each connec- 
tion but also the relative fluctuation on the 
other phases for each connection. Lamp 
flicker allowed should be below that which 
is regarded as objectionable but may be 
above a value which is just visible. From 
the standpoint of voltage regulation, connec- 
tion number 2 is the least desirable for any 
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combination of load and circuit characteris- 
tics. The choice among numbers 1,3, and 4 
will depend on individual circumstances. 

The increase in circuit loading for each 
type of connection should be considered 
not only on the basis of total kilovolt- 
_ amperes, but also with regard to the un- 
balance between phases. Current in the 
neutral conductor usually is not significant 
when considering circuit capacity. The 
capacity necessary for connections number 
2 and number 5 is the same, but obviously 
number 5 is better because in number 2 
much of the capacity of B and C phases 
would be useless unless other single phase 
furnaces or similar loads were available. 
No generalization can be made of the rela- 
tive amount of circuit capacity to be re- 
served for each connection on account of 
probable difference in power factor of fur- 
naces and other loads on the circuit, and 
because of the variation in the phase angles 
of the currents due to the scheme of transfor- 
mation in connections numbers 1, 3, and 4. 
Unless load is available for balancing in 
number 2, scheme number 1 probably is 
best from the point of view of circuit ca- 
pacity for single phase loads. 

Connections number 3 and number 4 re- 
quire extra transformer capacity. Number 
38, however, may not cause a higher trans- 
former investment because it is possible to 
supply furnace and power load from the 
same bank. 

In most cases, 3 phase service to a 3 
phase furnace is the best situation. Fur- 
ther test data and explanations on the sub- 
ject of relative fluctuations resulting from 
single phase and 8 phase furnaces would 
be useful. Of the single phase services, 
number 2 can be ruled out on the basis of 
poor voltage regulation and number 4 on 
account of the high circuit and transformer 
capacity required. The choice between 
number 1 and number 3 will depend on 
individual circumstances. 

It is probably true that, until the publi- 
cation of this paper, many engineers re- 
ceived their impressions of characteristics 
of arc furnaces by listening to the staccato 
roar and by observing the gyrations of in- 


dicating instruments. Having in mind the 
precautions taken in fixing starting cur- 
rents of motors to protect quality of serv- 
ice, it was only natural to be cautious in 
connecting furnaces whose starting period 
is a matter of minutes rather than seconds. 
The information given in L. W. Clark’s 
paper will be extremely useful to distribu- 
tion engineers. 


P. G. Sturtevant (Erie County Electric Co., 
Erie, Pa.): In commenting on L. W. 
Clark’s paper a brief description of the set-up 
of the company with which the writer is 
connected may be interesting as far as it 
concerns the electric arc furnaces on its 
lines. 

It is a relatively small company. The 
peak load is about 12,000 kw, and the nor- 
mal load during the day is about 8,000 kw. 
Normally one turbine of 12,500 kw capacity 
is operated. There are no continuous 
interconnections with other companies, al- 
though there is an emergency connection 
with the local plant of another utility com- 
pany available, in case serious trouble with 
equipment or supply develops in either 
company. 

There are 2 arc furnaces located in a 
steel foundry. One has a rated capacity of 
11/. tons, and the other a 3 ton rated 
capacity. They are 3 phase furnaces, 
with transformer ratings of 750 kva and 
2,000 kva, respectively. The central sta- 
tion generates at 14,000 volts, and this 
voltage is delivered via a substation directly 
to the furnace transformers, a total dis- 
tance of about 11/, miles. This substation 
is served by 2 3-conductor cables of 300,- 
000 circular mils each. During the first 15 
minutes of operation the disturbance of the 
system voltage is very marked asa rule. 

Several expedients such as running 2 
turbines during the time the furnace is in 
operation, or connecting the emergency 
line with the other electric supply company 
in Erie, have been tried to reduce this 
fluctuation. Both of these were considered 
too costly to be justified by the small im- 
provement made. Arrangement was finally 


Table I—Relative Values of Factors to Be Considered in Studying Service to Furnaces From 4- 
Wire 3-Phase Systems 
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I. Phase angle with respect to phase-to-neutral voltage is shown. 


load. 


6 is the power factor angle of furnace 


II. The Z connection consists of a star primary and secondary coils so connected in series that the output 


voltage is twice the voltage per coil. 
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made with the customer’s management to 
change the operating hours so that they 
would start at midnight. This arrangement 
has done a great deal to relieve complaints, 
although some customers, such as X ray 
operators, still are affected. 

In going over the author’s 4 considera- 
tions affecting and governing procedure to 
be followed in serving the electric furnace 
load, it is believed that number 3 is by far 
the most important. 

It is the writer’s experience that the care 
with which the furnace is charged has a 
great deal to do with magnitude of the volt- 
age variations, for when large chunks of 
scrap are irregularly piled on the top of 
the furnace charge, and until these large 
pieces are pretty nearly melted, extreme 
surges of current result. It has been sus- 
pected at times that the operator of the 
furnace has neglected to start his furnace 
on the higher impedance tap of the trans- 
former, in the belief that he could speed the 
melting operation by starting on the inter- 
mediate tap. 

An electric furnace expert was employed 
to observe the operation of the electric 
furnace that was causing the most trouble, 
and, after watching the operation for several 
weeks, his conclusions were that good or bad 
furnace operation rests largely with the 
operator, and that there is no positive way 
for the electric company to control this 
operation. 

The writer’s efforts have therefore been 
directed toward minimizing the bad effects 
caused by the furnace rather than toward 
trying to prevent such voltage fluctuations. 
To this end recently a time delay relay was 
installed on one of the 3 phase induction 
feeder regulators. This relay was installed 
on the boost circuit of the contact voltmeter 
and has been set to give a 4-second delay in 
the motor operation. 

The voltage fluctuations at the substa- 
tions were aggravated by the hunting of the 
feeder regulators while the furnaces were in 
operation. Immediately upon installation 
of the time delay relay there was a com- 
plete cessation of regulator hunting. The 
improvement was so marked that 4 
more of these relays were ordered and are 
now being installed. Undoubtedly all of 
the regulators will finally be so equipped. 


C. A. Powel (Westinghouse Elec. and Mfg 
Co., E. Pittsburgh, Pa.): The Detroit 
Edison Company is to be commended on 
attempting to set up a classification of 
voltage flicker and it will be interesting to 
observe how the limits selected will stand 
the test of time. 

A method of correcting flicker trouble not 
mentioned in L. W. Clark’s paper and which 
should prove applicable in many cases is the 
use of aseriescapacitor. Itisinstantaneous 
in operation and will provide effective 
compensation for line drop where the circuit 
is largely reactive and this comprises the 
majority of circuits. The hermetically 
sealed, fireproof capacitor has reached a 
stage of development at which it is quite 
reliable for such service, and a simple 
scheme of control protects it against over- 
voltage due to short circuit in the feeder be- 
yond the capacitor and also against a faulty 
capacitor unit. The scheme of control is 
such that the series capacitor is self-restor- 
ing for overcurrent and feeder short cir- 
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cuits after the trouble has been removed, 
but remains permanently out of service in 
the case of a faulty unit. 

The series capacitor does not compensate 
for variations in bus voltage caused by load 
conditions external to the feeder under 
consideration. If, therefore, it is used to 
correct for voltage flicker, it must be supple- 
mented by other regulating means to take 
care of bus voltage variations. 


J. E. Sheehan (Houston Lighting and Power 
Co., Houston, Texas): An electric steel 
casting company, a customer of the com- 
pany with which the writer is associated, has 
installed an electric furnace with a normal 
rating of 1,250 kva. This furnace is 
located on one of the 12 kv power circuits 
feeding from the 12 kv bus of a substation, 
which in turn is fed from the power plant 
through 33 kv lines and transformer banks. 

The contract with the steel company in- 
volves off-peak service, the furnace being 
put into use about 10 p. m. and used until 
the early morning hours. There is not a 
great amount of lighting service on the 12 
kv circuit from which the furnace is fed; 
however, the disturbance is reflected back 
through the bus to other 12 kilovolt cir- 
cuits and the 12 kv network system. At 
times the disturbance is very pronounced. 
Complaints have been received from broad- 
casting stations, and in some instances, 
operators of picture machines. 

The trouble appears to be more in the 
method of operating the furnace than in any 
inherent defects in the design. From 
time to time the company communicates 
with the operators of the furnace and for a 
short time thereafter the disturbances are 
greatly reduced; however, they soon re- 
turn to the habit of loading the furnace to 
the limit upon starting. 

Various ways and means of isolating 
the disturbance have been considered: 
(1) Installing a separate bank of 33 kilo- 


volt stepdown transformers on the custo- 
mer’s premises in order to feed the furnace 
directly from one of the 33 kilovolt tie 
circuits. (2) Installing a separate bank 
of transformers at the substation to feed 
the 12 kilovolt circuit directly and remove 
from the circuit all loads affected by the 
disturbances involved only. (8) Installing a 
current-limiting reactor on the circuit feed- 
ing the furnace, to be located at the substa- 
tion. This scheme would tend to eliminate 
disturbances on the system as a whole, 
but would greatly increase the disturbances 
to other loads fed from the circuit. (4) 
Installing a current-limiting reactor in the 
vicinity of the furnace. 

The company hesitates to install current- 
limiting reactors, for their use would tend 
to affect the operation of the furnace. 
There is also some hesitation about isolat- 
ing this furnace, since the expense involved 
would be considerable, and would set up a 
precedent which might force the company 
to follow in serving other furnaces; 
therefore, an attempt has been made to 
deal with the steel casting company and the 
manufacturer to arrive at a method of 
operation and a type of control equipment 
which will solve the problem. To date 
no great amount of co-operation has been 
received from the manufacturer, but some 
results have been obtained by working with 
the furnace operators. 


C. P. Yoder (Buffalo, Niagara and Eastern 
Powerm Corp: s Biitalo: Naas) sels We 
Clark’s analysis, based on 4 considerations 
having to do with the electrical characteris- 
tics of arc furnaces, determines the type of 
service necessary to meet these conditions. 
This is extremely valuable data for the 
guidance of utility men interested in servic- 
ing such loads. 

While an investigation of line disturbances 
is important from the standpoint of utility 
investment to insure satisfactory service, 


the writer would like to suggest a fifth con™ 
sideration of equal importance as justifica- 
tion for such investment, that is, a careful 
study of the annual power consumption 
anticipated from the prospective load. 
The author, in the introductory paragraph 
of his paper, calls attention to the antici- 
pated high load factor and revenue produc- 
ing possibilities of electric melting furnaces. 
This unqualified statement appears to over- 
look the fact that melting furnaces, like all 
other power consuming devices, are sus- 
ceptible to a great variety of uses and result- 
ing revenue possibilities. 

Electric melting furnaces used by indus- 
tries organized on a mass production basis 
or by some of the alloy steel companies may 
result in load factors comparable to the 
usual run of industrial’ power loads; on 
the contrary there are a great many in- 
stallations where intermittent use results in 
very low power consumption. Obviously 
that load which develops the highest load 
factor is the most desirable and should 
merit the most consideration. 

I have assembled some figures from a 
number of furnace installations to illus- 
trate the wide range of annual load factors 
that are encountered in practice. Table 
II also shows the year-to-year variations for 
individual installations. While these fig- 
tures are from but a few of the several 
hundred are furnaces installed in this 
country, they suggest the importance of a 
careful analysis of the anticipated kilo- 
watthour consumption from prospective 
furnace installations. 


H. P. St. Clair (American Gas and Electric- 
Company, New York, N. Y.): Many 
power companies have encountered an 
electric furnace supply problem at some 
time or other, but few have had such a - 
broad range of experience as the Detroit 
Edison Company has had, covering prac- 
tically all sizes and types. Consequently, 


Table II—A\nnual Load Factors of Electric Arc Melting Furnace Loads 


Approx. 
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Load factors are calculated from highest monthly demands and expresséd in per cent. 
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the industry is particularly indebted to 
L. W. Clark for presenting a picture of this 
experience in such a clear and comprehen- 
sive manner. The examples and data which 
he has presented in this paper will un- 
doubtedly prove of great value to other 
companies who may now and then be con- 
- fronted with an isolated problem. 

Out of a number of electric furnace in- 
stallations on the system of the company 
with which the writer is connected, there is 
one in particular which has given rise to 


some voltage flicker complaints. This 
132 KVA 
37,500 KVA 
15,000 KVA 
CONDENSER 
27 KV 
27KV 


6,000 KVA 


FURNACE 


Fig. 2. An electric furnace installation char- 
acterized by high arc stability but objection- 
able voltage flicker 


DISTRIBUTION 


furnace is supplied in the manner shown in 
figure 2 of this discussion. At the time this 
furnace was installed there was not enough 
information about its characteristic load 
swings to attempt an exact determination of 
resulting voltage fluctuations, but it was 
felt that the installation provided should 
be ample to take care of it satisfactorily. 
As a matter of fact, the effect on the dis- 
tribution system has not been objection- 
able except for a few isolated periods when 
particularly heavy loads were being put on 
the furnace. 

Referring again to figure 2, the 15,000 kva 
synchronous condenser, operating on the 132 
kv transformer bank, undoubtedly provides 
some stabilizing effect on the voltage, but of 
course this effect is limited to the inherent 
voltage-kilovolt-ampere characteristic of the 
condenser since these fluctuations are en- 
tirely too sudden for any regulator or 
excitation system to follow. 

It might be pointed out that the use of 
series reactance to cut down voltage fluctua- 
tions during the starting period also has the 
advantage of giving a more stable are dur- 
ing this period when there is a tendency for 
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the are to be rather unstable and occasion- 
ally to go out. With this reactance in the 
circuit, even if the voltage is increased 
somewhat to maintain a fairly high value 
of current, the fluctuations might still be 
less because of the resulting increase in arc 
stability. 


C. M. Weinheimer (Detroit Electric Fur- 
nace Co., Detroit, Mich.): L. W. Clark’s 
paper is a most helpful analysis of a load 
which in this country probably ranges be- 
tween 300,000 and 500,000 kw. When the 
possible annual return from this business is 
considered it is surprising that so few 
measurements have been made to deter- 
mine its true characteristics. In 18 years 
of installing indirect are rocking furnaces, 
the problem of arc furnace loads, and the 
cost of serving them necessarily has been 
dealt with. During this period approxi- 
mately 500 units of this type have been 
installed in the United States and Canada 
and not one has been discontinued because 
of objectionable load characteristics. No 
special starting devices were used in any 
of these installations. Clark’s data on 
the characteristics of indirect are rocking 
furnaces with starting reactors is the result 
of a co-operative study made by the Detroit 
Edison Company and the company with 
which the writer is associated on a commer- 
cial installation to determine what could be 
done along these lines. 

With a great many utilities, a very human 
and expectable situation develops when an 
are furnace load is first discussed. They 
anticipate trouble resulting from a pyramid 
of conditions, such as the starting of cold 
furnaces at an hour in the day when all the 
circuits are heavily loaded, that the circuits 
serving it will likewise serve sensitive 
customers where voltage flicker will be 
objectionable, and that such variation will 
be noticed and cause complaint. The re- 
sult is much discussion about the desir- 
ability of the furnace load, the cost of 
serving it, the revenue to be expected, and 
the use of starting devices. Such situa- 
tions are normal, honest, and reasonable. 
Actually, however, these theoretical condi- 
tions fail to appear, although they might, 
and the usual outcome is the acceptance of 
the load without restrictions. 

The author’s measurements and analysis 
of furnace loads under practical operating 
conditions have given utility engineers a 
true picture of the starting characteristics of 
electric arc furnaces. With this definite 
knowledge available a utility should be 
able to estimate quickly the cost of serving 
an installation which will provide a return 
of 20 dollars to 40 dollars per kw-year. 
There are probably more than 1,000 elec- 
tric arc melting furnaces in the United 
States, ranging in size from 36 kva to 10,000 
kva. 

The foundry industry is highly competi- 
tive. The utility, the foundry industry, 
and the furnace manufacturer all realize 
that electrical energy is a refined product, 
thus carrying an extra cost burden. Elec- 
tric melting need not always compete with 
fuel but can supplement it with benefits to 
the ultimate consumer. Another plan 
tending to reduce the cost of electric melting 
is the operation of the furnaces only during 
the off-peak hours. The foundry must 
weigh this saving against the added cost of 


night operation, but the utility’s generating 
and distribution system certainly will show 
an off-peak idle capacity far in excess of 
any conceivable electrification in the 
foundry industry. 

The advent of metals made to rigid specifi- 
cations, especially in the ferrous field, has 
created a demand for electric melting which 
should be encouraged. Furnace manu- 
facturers have a continual obligation in 
simplifying and improving the operation 
of their products, thus making repetitive 
results easier to achieve. The control 
available with electric melting provides a 
method of producing metals which meet 
these rigid specifications. 

There is a foundry business which has 
been served in the past with electrical 
energy for melting, and the power industry 
in effect is committed to serve it. It should 
do so as rapidly and as profitably as pos- 
sible. There remains a sizable portion of 
the industry which is not so served, and 
which has the management and capital to 
take advantage of this advance in melting 
practice. 

L. W. Clark’s paper clearly discusses the 
characteristics of the electric arc melting 
furnace load and the means of serving it 
satisfactorily. With this important data 
available to the utility there should be no 
difficulty in estimating the cost of serving a 
load which will yield a return of 20 dollars 
to 40 dollars per kw-year. 

In fact, the load is not too bad and it 
offers a comparatively new field of revenue 
to the utilities. 


Induction Heating 
at Low Temperatures 


Discussion of a paper by E. L. Bailey published 
in the November 1935 issue, pages 1210-12, 
and presented for oral discussion at the elec- 
trochemistry and electrometallurgy session of 
the winter convention, New York, N. Y., 
January 29, 1936. 


F. T. Chesnut (Ajax Electrothermic Corp., 
Trenton, N. J.): This paper is not only 
well written but also covers a very interest- 
ing development. The company with which 
the writer is connected has worked closely 
with E. L. Bailey on his induction oven 
program. From what has been learned 
from the men who are operating these equip- 
ments day in and day out, it is felt that the 
author has understated the features of 
safety, excellent working conditions, and 
low maintenance. The men who work 
with them certainly are most enthusiastic 
on these points. 

It is noticed that the author usually 
refers to metal parts. Our idea is that the 
ovens will be used largely for magnetic 
metal parts, because with nonmagnetic 
metals there will be a tendency for tem- 
peratures to lack uniformity. The writer 
believes that this type of oven is inherently 
of the continuous type rather than the 
batch type, since motion through the coils 
is required to obtain uniform temperatures. 

In its application to baking of finishes on 
painted parts, the oven is essentially a 
quality tool where better finish and less 
floor space justify a higher initial cost. 
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News 


Of Lastitute axel Related Activities 


North Eastern District Meeting 
and Student Branch Convention 


1k 3 day meeting of the North Eastern 
District of the A.I.E.E. to be held in New 
Haven, Conn., from Wednesday to Friday, 
May 6-8, promises not only a highly interest- 
ing technical program, butalsoa widely varied 
schedule of activities during the intervals 
between technical sessions. Headquarters 
for the meeting, which will be combined 
as usual on Friday with the Student Branch 
convention, will be magnificent Strathcona 
Hall, Yale University, and those attending 
will have full opportunity to visit also some 
of the other best-known buildings of the 
university. 

Famous as the home of Yale, New Haven 
is also an important industrial center, with 
many well-known industries located within 
the city limits and many more situated in 
cities or towns only a few minutes away by 
automobile, trolley, train, or bus. Interest- 
ing trips to many of these establishments, 
trips to the Yale buildings and other 
points of historical interest, and scenic 
drives through East and West Rock Parks 
and along the shore are being arranged. It 
was in New Haven that Eli Whitney manu- 
factured his cotton gins and later started 
a gun factory, the first factory in the coun- 
try to introduce the revolutionary principle 


Table I—Hotel Rates 


Single Rooms Double Rooms 


Without With Without With 
Hotel Bath Bath Bath Bath 
Patt... ss. $2.00 - .$3.00. .$4.00. .$5.00 
Garde.... 1.50-2.00.. 2.50.. 2.50.. 3.50-5.00 
Duncan.. 2.00 « Malin PAGO) 3.00-3 .50 
Bishop... 2.00 DROoO Ry seiskerte: 4.00 


of standardized parts and division of labor. 
Here too was opened, in 1878, the first 
commercial telephone exchange in the 
world, and here Samuel F. B. Morse, a 
student in Yale’s class of 1810, received his 
first impetus in electrical studies. 


REGISTRATION—HOTELS 


; Everyone planning to attend the meeting 
is urged to register in advance by mail if 
possible. Advance registrations should be 
sent to C. H. Clements, The Southern New 
England Telephone Company, P. O. Box 
1562, New Haven, Conn. Registrations 
should be completed at Strathcona Hall, at 
the corner of Grove and Prospect Streets, 
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between 9 and 10 o’clock on the morning of 
May 6. The city of New Haven will be on 
daylight saving time. 

Excellent hotel accommodations are avail- 
able at the Hotel Taft, Hotel Duncan, and 
Hotel Bishop, all near the New Haven 
Green, and at the Hotel Garde, which is 
directly opposite the railroad station. 
Schedules of rates may be found in table I. 
Visitors are requested to make their own 
hotel reservations, dealing direct with the 
hotel they prefer. Student counselors will 
be advised of special arrangements to be 
made for the accommodation of students. 


ACTIVITIES SCHEDULED 


At 10 a.m. on Wednesday, Vice President 
W. H. Timbie of the North Eastern District 
will welcome those in attendance. The 
opening session that morning will be devoted 
to addresses and a paper related to the 
problem of developing proper visibility on 
highways. During the gen- 
eral session in the afternoon, 
starting at 2 o’clock, an ad- 
dress and 4 papers on a va- 
riety of subjects will be pre- 
sented. In the afternoon, it 
has been arranged that those 
who wish to visit some of the 
Yale buildings—the library, 
graduate school, and gymna- 
sium— may do so with the 
help of trained guides; in 
the evening, a trip to the 
main central office of The 
Southern New England Tele- 
phone Company is planned 
for all who would care to 
inspect the dial switching 
equipment. It is thought 
that many will find such a trip 
especially timely because one 
of the papers to be presented 
in the afternoon will deal with 
dial switching of toll calls. 

The technical session on 
Thursday morning will open 
at 9:30. Three most interest- 
ing subjects are on the pro- 
gram. For the afternoon, 
plans have been made for an 
inspection of the latest trans- 
portation equipment of the 
New York, New Haven and 
Hartford Railroad, following 
which a special train will leave 
on an inspection trip to the 
Wallingford Steel Company, 


manufacturers of cold rolled steel products. 
At Wallingford also there will be opportunity 
to visit the plant of R. Wallace and Sons 
Manufacturing Company, makers of sterling 
silverware. Students are urged to come on 
Thursday in time for this afternoon inspec- 
tion program. In the evening an informal 
dinner meeting will be held at the New 
Haven Lawn Club, only 5 blocks from the 
meeting headquarters. Although in the 
heart of the city, a club atmosphere will pre- 
vail. The dinner will be followed by en- 
tertainment and dancing. 

Friday morning will be devoted to a stu- 
dent technical session, and at noon there 
will be a luncheon conference of counselors 
and Branch chairmen. Arrangements are 
being made for a variety of student inspec- 
tion trips in the afternoon, to manufactur- 
ing establishments and various departments 
of Yale University. At Strathcona Hall, 
starting at 2 o’clock, the third and final 
technical session will be held. In the even- 
ing, it is expected that a special entertain- 
ment feature will be presented. ~ 

On Saturday there will be an especially 
interesting trip to the plant of the Sikorsky 
Aircraft Company in Bridgeport, only 18 
miles from New Haven. 

Arrangements also have been made for a 
golf tournament to be held at a nearby 
country club. Prizes will be awarded. 


g i 
Courtesy Yale Alummi Weekly 


Strathcona Hall and Sterling Tower, Yale University, head- 
quarters for the forthcoming A.I.E.E. North Eastern District 


meeting 
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Program 


Daylight Saving Time 


For the papers that have been published in ELectrRicAL ENGINEERING 
reference to the issue and page is given. 


Wednesday, May 6 
9:00 a.m.—Registration 


10:00 a.m.—Opening Session; Highway Lighting 


Address of Welcome, W. H. Timbie, vice-presi- 
dent, North Eastern District, A.I.E.E. 


Address: OpTicaAL PRINCIPLES AND LIGHT 
Sources FOR HiGHway LicuHTInG, C. A. B. Hal- 
verson, General Electric Co. 


Address: THe NEED FOR BETTER VISIBILITY ON 
Hicuways By Nicut, L. A. S. Wood, Westinghouse 
Electric and Mfg. Co., and President, Illuminating 
Engineering Society. 


*POLARIZED LIGHT FOR HeEapLamps, H. T. 
Rights, Westinghouse Electric and Mfg. Co., 
and Robert Sparks, Hartford Public High School. 


2:00 p.m.—General Session 


ELECTRICAL STUDIES OF LivinG TissuE, A. G. 
Conrad, B. R. Teare, and H. W. Haggard, Yale 
University. 


*AGING IN COPPER OXIDE RECTIFIERS, E. A. 
Harty, General Electric Co. 


DraL SWITCHING OF TOLL CALLS IN CONNECTI- 
cuT, W. F. Robb, A. M. Millard, and G. M. 
McPhee, The Southern New England Telephone 
Co. 


8:00 p.m.—Visit to S.N.E. Telephone Co., Dial 
Switching 


Thursday, May 7 


9:30 a.m.—General Session 


Address: Pusric UTILity PROBLEMS, Samuel 
Ferguson, president, Hartford Electric Light Co. 


*SHUNT CAPACITORS ON DISTRIBUTION CIRCUITS, 
F. M. Starr, General Electric Co., and G. P. 
Gamble, Union Electric Light and Power Co. 


ELECTRICAL APPARATUS FOR DIESEL CARs, G. F. 
Smith, Westinghouse Electric and Mfg. Co. 
April, p. 335-41 


12:00 noon—District Committee 


Luncheon 


Executive 


2:00 p.m.—Inspection Trips 


Transportation equipment of New York, New 
Haven and Hartford Railroad at New Haven 
railroad station. 

Special train to Wallingford Steel Company and 
R. Wallace and Sons Mfg. Co. 


7:00 p.m. Informal Meeting 


Dinner at the New Haven Lawn Club followed 
by special entertainment and dancing. 


Friday, May 8 
9:00 a.m.—Student Technical Session 


12:00 noon—Luncheon Conference of Counselors 
and Branch Chairmen 


1:45 p.m.—Student Inspection Trips 


2:00 p.m.—General Session 


SURGE PROTECTORS FOR CURRENT TRANS- 
FORMERS, G. Camilli and L. V. Bewley, General 
Electric Co. March, p. 254-60 


EQUIVALENT CrIRCUITS—2 COUPLED CIRCUITS, 
J. C. Balsbaugh, Massachusetts Institute of Tech- 
nology, W. P. Douglass, The Procter and Gamble 
Co., R. B. Gow, Kansas Gas and Electric Co., and 
A. H. Leal, Rio de Janeiro. April, p. 366-71 


SWITCHING SURGES IN ROTATING MACHINES, 
J. F. Calvert and F. D. Fielder, Westinghouse 
Electric and Mfg. Co. April, p. 376-84 


TEests ON LIGHTNING PROTECTION FOR A-C 
RotaTiInG Macuines, E. M. Hunter, General 
Electric Co. Feb., p. 137-44 


8:00 p.m.—Special Entertainment Feature 


Saturday, May 9 


Inspection trip to Sikorsky Aircraft Co., Bridge- 
port, Conn, 


* These papers are scheduled for presentation, but 
they have not been accepted for publication at the 
time of going to press. 


—————eee——eeeeeeeeeeeeeeeeeeee— ee 0 Oe 


LADIES PROGRAM 


As this announcement goes to press, a 
committee is engaged in developing a pro- 
gram for the ladies which will include full 
opportunity for social diversion and enter- 
tainment, as well as visits to points of 
outstanding interest. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


Atthe technical sessions, papers may be pre- 
sented in abstract, 10 minutes being allowed 
for each paper unless otherwise arranged or 
the presiding officer meets with the authors 
preceding the session to arrange the order 
of presentation and allotment of time for 
papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes is allowed to 
each discusser for the discussion of a single 
paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
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may be permitted to have a somewhat longer 
time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser is to step to the front of the room 
and announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared in 
advance should be left with the presiding 
officer. 

Other discussions to be considered for 
publication should be typewritten (double 
spaced) and submitted in triplicate to C. S. 
Rich, secretary of the technical program 
committee, A.I.E.E. headquarters, 33 West 
39th St., New York, N. Y., on or before 
May 22, 1936. Discussion of addresses 
and papers which is not for publication 
need not be submitted for consideration. 


COMMITTEES 


General Meeting Committee: W. H. Timbie, 
vice president, North Eastern District, chairman; 
A. C. Stevens, secretary-treasurer, North Eastern 
District; W. B. Hall, chairman of student coun- 


selors, North Eastern District; and E. K. Hunting- 
ton, B. K. Northrop, H. H. Race, and R. H. Van 
Horn. 


Program Committee: R. G. Warner, chairman; 
C. T. Hughes and H. W. Sundius. 
Hotels and Registration Committee: C. H. Cle- 


ments, chairman; A. G. Conrad, W. J. Mahan, 
A.M. Millard, C. A. Molsberry, and W. F. Robb. 


Entertainment Committee: C. J. Daly, chairman; 
H. O. Anderson, F. A. Faron, C. N. Gregory, T. J. 
Russell, and B. R. Teare. 


Ladies Program Committee: Mrs. Sidney Withing- 
ton, chairman; Mrs. S. H. Barnum, Mrs. A. F. 
Brooks, Mrs. E. H. Everit, Mrs. S. R. McCandless, 
and Mrs. B. R. Teare. 


Inspection Trips Committee: E. D. Lynch, chair- 
man; G. E. Hulse, M. M. Marks, J. A. Nixon, 
J. P. Powell, J. H. Spraggon, and Sidney Withington. 


Publicity Committee: R. S. Judd, chairman; 
P. A. Borden, R. D. Cutler, C. R. Harte, P. C. 
Mabon, C. W. Taggart, and H. M. Turner. 


A.1.E.E. Executive 
Committee Meets 


A meeting of the executive committee 
of the American Institute of Electrical 
Engineers was held at Institute head- 
quarters, New York, N. Y., March 9, 1936, 
in place of the regular meeting of the board 
of directors. 

The following were present: President 
E. B. Meyer (chairman), F. M. Farmer, 
Everett S. Lee, W. I. Slichter, R. H. 
Tapscott, and J. B. Whitehead, members of 
the committee; C. R. Jones, director; 
H. H. Henline, national secretary. 

Report was made of action by the execu- 
tive committee, as of February 14, 1936, 
in transferring 6 applicants to the grade of 
Fellow; electing 12 and transferring 27 
applicants to the grade of Member; elect- 
ing 69 to the grade of Associate; and in en- 
rolling 82 students. 

A report was presented and approved of a 
meeting of the board of examiners held 
February 19, 1936. Upon the recommenda- 
tion of the board of examiners, the fol- 
lowing actions were taken: 4 applicants 
were transferred and 1 was re-elected to 
the grade of Fellow; 23 applicants were 
transferred and 18 were elected to the 
grade of Member; 73 applicants were 
elected to the grade of Associate; 68 
Students were enrolled. 

The finance committee reported disburse- 
ments in February amounting to $19,436.73; 
report approved. 

Everett S. Lee, chairman of the National 
membership committee, reported a 19 per 
cent increase in the number of applications 
received since May 1935 over the number 
received during the same period of the 
previous year. 

Report was made that the dates of the 
South West District meeting to be held in 
Dallas next fall had been changed by the 
District officers from November 2-4 to 
October 26-28. 

Upon the recommendation of the commit- 
tee on Student Branches, authority was 
granted for the establishment of a Student 
Branch of the Institute at the University of 
Maryland, College Park. 

The national nominating committee re- 
ported its selection of the official ticket 
of nominees for election to Institute offices 
becoming vacant August 1, 1936. (In- 
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formation regarding the nominees was 
published in the March issue of ELECTRICAL 
ENGINEERING.) 

Upon the recommendation of the stand- 
ards committee, approval was given to the 
report of the sectional committee on pro- 
posed ‘‘Standards for Railway Motors and 
Other Rotating Electrical Machinery on 
Rail Cars and Locomotives,” C-35, and 
the committee voted to accept indorsing 
sponsorship of the sectional committee on 
preferred numbers. 

The appointment of the following repre- 
sentatives, upon the recommendation of the 
standards committee, was reported and ap- 
proved: M. E. Noyes as chairman of the 
sectional committee on aluminum, C-11, 
and chairman of the A.I.E.E. delegation 
on that committee; E. B. Paxton as a mem- 
ber of the A.I.E.E. delegation on the sec- 
tional committee on transformers; and 
C. T. Sinclair as the A.I.E.E. representa- 
tive on the committee on grounding formed 
under the auspices of the American Water 
Works Association in co-operation with the 
Edison Electric Institute. 

Upon the recommendation of the com- 


Summer Convention Offers 


mittee on research, it was voted that the 
Institute should act as sponsor for a re- 
search project in ‘‘electric shock”’ at Johns 
Hopkins University, under the direction of 
Professor W. B. Kouwenhoven and _ his 
associates on the medical school staff, and 
apply to The Engineering Foundation for 
a grant of money for this project, and, also, 
for a research project in “Stabilization of 
Impregnated Paper Insulation,’ to be 
carried on at Johns Hopkins University 
under the direction of Dr. J. B. Whitehead. 

Vice President W. H. Harrison, of the 
Middle Eastern District, was designated as 
the representative of the Institute upon the 
occasion of the celebration, on March 20, 
of seventy years of engineering at Lafayette 
College. 

Local Honorary Secretary A. F. Enstrom, 
of Sweden, was appointed the delegate of 
the Institute to attend the celebration, 
in Stockholm, on May 19-20, of the 75th 
anniversary of the foundation of Svenska 
Teknologforeningen. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


Vacation Trip Possibilities 


Tur A.J.E.E. summer convention, which 
will be held at Pasadena, Calif., June 22-— 
26, 1936, with headquarters in the Hunting- 
ton Hotel, affords members and their guests 
unusual opportunities. The technical pro- 
gram will combine the latest experiences of 
both eastern and western engineers. Pasa- 
dena and its environs provide splendid 
scenery, not to mention the trip through the 
Rocky Mountains from points east. As 
usual, the program will include sports, trips, 
and entertainment features. In addition, 
there is the California Pacific International 
Exposition at San Diego, and Sunday, 
June 28, has been designated as “‘electrical 
engineers day.’’ Those planning to take 
advantage of these opportunities no doubt 
will be interested in the further develop- 
ment of plans for a special train, which were 
announced tentatively in the March issue of 
ELECTRICAL ENGINEERING. 


TECHNICAL SESSIONS 


Tentative arrangements provide for 10 
or 11 technical sessions which will treat 
such subjects as engineering education, il- 
lumination, electrophysics, conductor vibra- 
tion, protective devices, power transmis- 
sion, rotating electrical machinery, trans- 
formers, and selected subjects. 

The transformer symposium will be well 
, rounded from the point of view of both de- 
sign and application. The world’s largest 
power transformers for 288 kv will be de- 
scribed as well as modern high voltage power 
transformer design. Other papers will 
deal with the impulse strength of trans- 
formers, the selection of insulation, regula- 
tion, the application of overrefined oils, and 
the application of modern distribution trans- 
formers. 

The selected subjects session, as tenta- 
tively planned, should prove of unusual 
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interest to those concerned with electrical 
measurements and the physiological ef- 
fects of electric shock. Professor Sorensen 
and Simon Ramo will present further test 
results on nonarcing sphere gaps. An- 
other paper from the Pacific Coast, by Otto 
A. Knopp, will deal with precision instru- 
ment transformers. Two of the papers on 
electric shock are by well-known Institute 
authors collaborating with medical doctors 
from the college of physicians and sur- 
geons, Columbia University, New York, 
N. Y., and from The Johns Hopkins Uni- 
versity, Baltimore, Md. 

The technical program and other details 
will be announced in the May issue of 
ELECTRICAL ENGINEERING. 


Trips TO Mr. WILSON AND 
CALIFORNIA PaciFic EXPOSITION 


One very interesting trip which will be 
scheduled for an evening will be to the as- 
tronomical observatory on Mt. Wilson, 
about an hour’s drive from Pasadena over a 
new “high gear’? highway. Both the ob- 
servatory and the view of the cities and 
valley below are attractive features. Ten- 
tative plans for the evening’s entertainment 
include a dinner at the Mt. Wilson Hotel, 
an illustrated lecture on astronomy and the 
observatory, and an opportunity to look 
through the 60 inch telescope, besides the 
inspiring view from this mountain top be- 
fore and after dark. 

The 1936 California Pacific International 
Exposition is a creation of cultural and 
physical beauty set amid beautiful Balboa 
Park at San Diego, 125 miles south of Pasa- 
dena, with 1,400 acres of landscaped 
grounds. Sunday, June 28th, has been 
designated as “‘electrical engineers day”’ 
at the exposition. 

The new Palace of Electricity will be the 


mecca for skilled scientists and technicians. 
It contains many exhibits depicting prog- 
ress and developments in electrical ma- 
chinery for the home, many other labor- 
saving devices, a model of the electrically 
operated ship ‘‘President Coolidge,’ new 
models of street railway system equipment, 
and scientific marvels of the laboratory. 

Perhaps the greatest appeal of all will be 
found in the lighting system which “‘paints’’ 
the grounds. Requiring a total of 4,000 
kw when in full operation, the lighting ex- 
hibit itself comprises a complete exposition 
of color, effect, and beauty. Subtropical 
palms and flowers are bathed in pastel 
shades. ‘‘Firefly” lights twinkle high in 
treetops over Alcazar Gardens, as batteries 
of powerful lights pour gleaming multi- 
colored beams against the buildings. 

The many other exhibit palaces and ar- 
rangements for amusement hold much of 
unusual interest for visitors. 


SPECIAL TRAIN SUGGESTED 


It has been suggested from several 
sources that the trip to the summer conven- 
tion for those members who would pass 
through Chicago provides a wonderful op- 
portunity for an organized party to visit 
many points of interest, particularly to engi- 
neers. If a sufficient number signify such 
interest a special train could be provided. 
This arrangement should be a further in- 
ducement to attend the convention, as one 
could make the round trip with friends and 
be free of all bother with annoying details. 
On the way out one could see the famous 
Boulder Dam, then after a week at Pasa- 
dena, take in on the return trip Bonneville 
and the Grand Coulee projects on the 
Columbia River in Washington and the 
magnificent national reservation, Glacier 
Park. For the round trip, commencing 
and terminating at Chicago, the approxi- 
mate cost (for one person in a lower berth) 
would be $200 (expenses at Pasadena while 
attending the convention not included). 
A suggested itinerary with dates and time 
required follows. Those interested should 
write to National Secretary H. H. Henline, 
83 West 389th Street, New York, N. Y. 
If the response warrants it, the tour will be 
arranged and those who have written will 
be advised of final details and costs. 


TENTATIVE ITINERARY 


Wednesday, June 19 


Leave Chicago, Ill., via The Mil- 


WAUKEe ROA trots csarcileulatecinaereets 7:30 p.m 
Thursday, June 18 
Arrive Omaha, Neb., via The Mil- 
waukee Road.) ou vanieciskmiteneu ot 7:30 a.m. 
Leave Omaha, Neb., via Union Pacific 
Systei'.c 22 vier ee a ee ee 10:20 a.m 


Friday, June 19 
Arrive Las Vegas, Nev., via Union 


Pacticisy stents. 14-1 aes 9:30 p.m. 
Saturday, June 20 
At Boulder Dam. 
Leave Las Vegas, Nev., via Union 
Pacific Systems ocericioce eit aioe 9:50 p.m. 


Sunday, June 21 


Arrive Pasadena, Calif., via Union 
PacificsSystentineccceineh ceva 8:50 a.m. 


Monday—Friday, June 22—26— 
Attending convention 


Friday, June 26 


Leave Los Angeles, Calif., via South- 
ern Pacific Lines Sn. oye ever eee 
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Saturday, June 27 


Arrive San Francisco, Calif., via 


Southern Pacific Lines............ 9:00 a.m. 
Sightseeing. 
Leave San Francisco, Calif., via 


Southern Pacific Lines............ 6:20 p.m. 


Sunday, June 28 


Arrive Portland, Ore., via Southern 

Pacwhie Lines: 5 ads cc kin aekese mes 3:45 p.m. 
Motor to Bonneville Dam, Wash. 
Leave Bonneville via Union Pacific 

Systema eee criss ce lala s erties o & 10:00 p.m. 


Monday, June 29 


Arrive Spokane, Wash., 

Racine Systeme mecca eel teers 
Motor to Grand Coulee Dam. 
Overnight stop. 


via Union 


Tuesday, June 30 


Leave Spokane, Wash., via Great 

INOntHEEM Rail wa Yin eite © sieyscaceseles es 7:45 a.m. 
Arrive Belton, Mont., via Great 

Northern Railway.............6. 4:45 p.m. 
Motor to Lake McDonald, Glacier 

Park: 
Overnight at Lake McDonald Hotel. 


Wednesday, July 1 


In Glacier Park. 
Leave Lake McDonald Hotel via 


IVICOUT OR retxcheio ekenste oho wisi witeWe stances, ahs 8:30 a.m. 
Arrive Going-to-the-Sun Chalets via 

IMGEOC Aero aren leie caeatnse Cuerace aes 11:00 a.m. 
Leave Going-to-the-Sun Chalets via 

MOTOR, Sacer tn chet ertiate ap eteberer te 3:45 p.m. 
Arrive Many Glaciers Hotel via 


INT OLOE 5 ooo ire loro vay Cos Oriental Glial = alpnioeeter 5:05 p.m. 
Overnight at Many Glaciers Hotel. 
Thursday, July 2 


Motor to Glacier Park Hotel. 
Motor to 2 Medicine Lake and launch 


trip. 
Leave Glacier Park via Great 
Northern Railway... 2.03 #2. 526+ 6:53 p.m. 


Friday, July 3 
Arrive St. Paul, Minn., via Great 


Northern Riatlwayiree ue « «ccrove mearedons 10:30 p.m. 
Leave St. Paul, Minn., via The 
WMalwatikee Road «<0. seule sles fees 11:49 p.m. 


Saturday, July 4 
Arrive Chicago, Ill., via The Mil- 


waukee Road....... 7:50 a.m. 


Annual Convention of American Transit 
Association. The 55th annual conven- 
tion of the American Transit Association 
and its affiliates will be held September 
20-23, 1936, at White Sulphur Springs, W. 
Va. The convention is expected to bring 
together delegates representing more than 
90 per cent of the transit operations in the 
United States, Canada, and Mexico, and 
all companies engaged in the manufacture of 
related transit equipment; plans are re- 
ported to be well under way. Further de- 
tails may be obtained from Robert B? Fen- 
tress, American Transit Association, 292 
Madison Avenue, New York, N. Y. 


Future AIEE Meetings 


North Eastern District Meeting, 
New Haven, Conn., May 6-8, 1936 


Summer Convention, 
Huntington Hotel, Pasadena, Calif., 
June 22-26, 1936 


South West District Meeting, 
Dallas, Texas, Oct. 26-28, 1936 


Southern District Meeting, 
Birmingham, Ala., Dec. 1936 
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A Group of Institute Leaders Visits the South West 


Presipent E. B. Meyer, National Secretary H. H. Henline, and Editor G. Ross 
Henninger (left to right) as they appeared while inspecting the Texas Centennial Exposition 
grounds upon the occasion of their visit to the A.I.E.E. Dallas Section on March 23, 1936; 
they visited various Sections and Student Branches in the Institute’s South West District 


and adjoining territory. 


The party was taken to the exposition grounds as guests of Past- 


Vice President B. D. Hull and L. B. Starbird, chairman of the Dallas Section; they were 


shown around the 187-acre $25,000,000-project by director of works Ray Foley. 


The ex- 


position is scheduled to open in June and will be one of the attractions for those who will 
attend the Institute’s South West District meeting to be held in Dallas, October 26-28, 1936. 


Fiftieth Anniversary of 
Electrolytic Aluminum 


On the evening of February 17, 1936, the 
Electrochemical Society sponsored a dinner 
meeting at the Waldorf-Astoria Hotel in 
New York, N. Y., to celebrate the fiftieth 
anniversary of the discovery of the elec- 
trolytic process of producing aluminum. 
The story of the discovery, which Charles 
Martin Hall (deceased 1914) achieved at the 
age of 22, was retold by those who knew 
him well, and its significance was inter- 
preted by eminent scientists. The transi- 
tion of aluminum in the short space of 50 
years from a semiprecious metal to a house- 
hold and industrial commonplace was em- 
phasized to demonstrate the importance of 
Hall’s achievement on the moriing of 
February 23, 1886. 

Hall was a son of a Congregational minis- 
ter, and early evidenced an intense interest 
in chemistry. He fitted up a makeshift 
laboratory in the woodshed in the back 
yard of his father’s humble home in Oberlin, 
Ohio, since his funds for procuring labora- 
tory equipment were limited. It was there 
that Hall made his memorable discovery 
which reduced the price of aluminum from 
$8 per pound to $2, and which marked the 
beginning of the first and largest electro- 
chemical industry. In spite of the great 
reduction in cost that the Hall process 
made possible, the metal was not put to any 
immediate extensive use, because its prop- 
erties still were comparatively unknown, and 
engineers, although interested, were skep- 
tical about applying it to their designs. 


Within a few years, however, its many ad- 
vantages became known, and then fol- 
lowed a period in which the public’s im- 
agination literally ran away. Men freely 
predicted aluminum bridges, aluminum 
trains, buildings, and airships, not realizing 
the many and difficult problems still to be 
solved before such things could be realized. 
Today, after 50 years, many of these rash 
early prophecies are being fulfilled, and 
almost day by day new uses are being 
found for this versatile metal and the many 
aluminum alloys that have been developed. 


Seventieth Anniversary of Engineering at 
Lafayette. On March 20, 1936, the seven- 
tieth anniversary of engineering at Lafa- 
yette College, Easton, Pa., was celebrated 
by a special all-day program with addresses 
by noted engineers among whom were 
several prominent Institute members. En- 
gineering instruction was offered at this 
institution for the first time during the 
1865-66 college term. W. H. Harrison, 
vice president of the A.I.E.E. Middle 
Eastern District, was designated as the 
Institute’s official representative to the 
celebration. The event was accompanied 
by an engineering and industrial exhibition 
of machines and methods employed in 
modern engineering and a display of its 
products, including working models illus- 
trating manufacturing processes. This ex- 
hibition was open from March 18 to 21, 
inclusive. Prof. Moreland King (A’06, 
F’25) of the department of electrical engi- 
neering at Lafayette was general chair- 
man of the anniversary committee. 
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To Institute Members 
Planning Trips Abroad 


Members of the Institute who contem- 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had recip- 
rocal arrangements with a number of foreign 
engineering societies for the exchange of 
visiting member privileges, which entitle 
members of the Institute while abroad to 
membership privileges in these societies for 
a period of 3 months and members of foreign 
societies visiting the United States to the 
privileges of Institute membership for a like 
period of time, upon presentation of proper 
credentials. A form of certificate which 
serves as credentials from the Institute to 
the foreign societies for the use of Institute 
members desiring to avail themselves of 
these exchange privileges may be obtained 
upon application to Institute headquarters, 
New York. The members should specify 
which country or countries they expect to 
visit, so that the proper number of certifi- 
cates may be provided, one certificate being 
addressed to only one society. 

The societies with which these reciprocal 
arrangements have been established and are 
still in effect are: Institution of Electrical 
Engineers (Great Britain), Société Fran- 
caise des Electriciens (France), Association 
Suisse des Electriciens (Switzerland), Asso- 
ciazione Elettrotecnica Italiana (Italy), 
Koninklijk Instituut van Ingeniurs (Hol- 
land), Verband Deutscher Elektrotechniker 
E. V. (Germany), Norsk Elektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen (Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotechnicky 
Svaz Ceskoslovensky (Czechoslovakia), The 
Institution of Engineers, Australia (Aus- 
tralia), Denki Gakkwai (Japan), and South 
African Institute of Electrical Engineers 
(South Africa). 


Maps on Electric Utilities Available. The 
Federal Power Commission, Washington, 
D. C., has announced the availability of 2 
maps in color on electric utilities. The first 
shows “‘service areas’’ or territories served 
by the companies owned and controlled by 
the principal holding companies and other 
important electric utility systems. The 
second shows the principal generating plants 
and transmission lines of the United States. 


N.E.M.A. Publishes 
Joint Report on Radio Noise 


The Joint Co-ordination Committee on 
Radio Reception, consisting of representa- 
tives of the Edison Electric Institute, the 
National Electrical Manufacturers Associa- 
tion and the Radio Manufacturers Associa- 
tion, has issued a report entitled “Methods 
of Measuring Radio Noise” (N.E.M.A. 
Publication No. 102). The report sets up 
the instrument specifications for measuring 
radio noise and the procedure to be followed 
in the use of such instrument. 

Those who should have occasion to make 
use of the report are persons engaged in radio 
transmission and reception, manufacturers 
of devices that give rise to radio noise and 
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users of these devices—in fact, anyone in- 
terested in improving the art of radio or in 
determining quantitatively the value of 
noise radiation. The text is illustrated by 
curves and wiring diagrams. Copies may 
be procured at 35 cents each from National 
Electrical Manufacturers Association, 155 
East 44th Street, New York, N. Y. 


Membership Applications 
Show Increase 


Applications for membership in the 
A.1.E.E. received at Institute headquarters 
during the 10 months from May 1935 to 
March 1936 were 19.1 per cent higher than 
those received during the same period a year 
earlier, according to the March report of the 
national membership committee. Applica- 


tions from Enrolled Students whose periods 
of enrolment had expired were 10.3 per cent 
higher, and those from all others were 26.7 
per cent higher, the report showed. Of the 
1,323 Students invited this year to apply 
for admission to the Associate grade, 558, 
or 42 per cent, had applied by March 1; 
returns for the previous year indicated 
that only 40 per cent of those eligible ap- 
plied. A summary of the results shows: 


Applications Received 
May to March 


Per Cent 
1934-35 1935-36 Increase 
From Students........ 506. 35 <5 emo BOD 10.3 
From all others........ OSOreneer WAS eae 26.7 
Total ene ste ise Ooo cer TE3s04ee 19.1 
August to March 
1934-35 1935-36 
Reinstatements.......... BS Ow a eset ovate 483 


Details of the report are shown in the 
accompanying tabulation. 


Report of A.I.E.E. National Membership Committee, March 1936 


t 1 
23 2 soe 
aes tl a ac 
Bw oD So o E) 
a2 8 a fem s < 
Applications Received, ¢ = 1 Applications Received, 9° =< By 
Sections May to March oS 3 g Sections May to March oe < q 
1935-36 1934-35 Oo wo 1935-36 1934-35 wo ma 
District 1 
Boston 29 (17) 26 (14) 378 8  Detroit-Ann 
Connecticut 25 (12) 19 (15) 225 11 Arbor 42 (17) 23 (14) 268 13 
Ithaca EC) 7 (6) 56 1 Fort Wayne 3 (0) 5 (4) 55 0 
Lynn 10 (3) 6 (4) 99 8 Iowa 8 (7) 6 (6) 50 1 
Niagara Madison 3 (2) 4 (4) 51 3 
Frontier 12 (4) 59 (6) 197 es: Milwaukee 27 (15) 17 (10) L730 10 
Pittsfield 14 (2) 4 (2) 107 4 £Minnesota 3 (2) 6 (5) TES 
Providence 4 (2) 10 (4) 85 2 Urbana 0 (0) 1 (1) 36 1 
Rochester 4 (0) 11 (8) TL s3 134 (68) 106 (62) 14 05eeo7 
Schenectady 43 (26) 34 (23) 353 10 
Springfield 6 (5) 4 (2) is District 6 
Syracuse 7 (3) 6 (2) 65 1 Denver 10 (4) 11 (7) 133 5% 
Worcester 90) 4 (3) 62 1 Nebraska 2 (1) 8 (5) 51 3 
166 (83) 190 (84) 1,763 55 12 (5) 19 (12) 189 10 
District 2 rats 
Akron 4 (2) 3 (1) 64 3 ek 
Baltimore 14(10) —*17 (13) 167 9 Dallas 10 (2) 8 (2) Sire 
Giacimana 18 (7) 11 (6) 143. 9 Houston — 7 @) 13 (5) OSS 
Gleveland 29 (13) —-23 (12) 220 g KansasCity 14 (8) 14 (9) 134 5 
Columbus 8 (6) 5 (5) 62 1 Oklahoma 
nes 3 (2) 3 (2) Aga City 24 (12) 18 (6) 110 4 
Lehigh Valley, 18 (10m 26 (7) 185 6 St.Louis. 37 (18) 8 (4) 182 3 
Philadelphia. 46(19) 32 (19) B17 34-2 Antonio 5 (@)>. 9-2 (9) eG 
Pittsburgh 18 (12) 18 (9) 379 24 97 (41) 63 (27) 604 26 
Sharon 10 (3) 6 (3) Nay 4 Se 
Toledo 8 (3) 13 (1) 69 5 District 8 
Washington, Los Angeles 50 (24) 42 (23) 385 21 
DEC 26 (11) 23 (2) 229 10 San 
202 (98) 180 (80) 2,138 107 Francisco 45 (21) 24 (11) 373 11 
District 3 95 (45) 66 (34) TOSmeoe 
Mexico 9 (0) 3 (1) 66 «4 District 9 
New York 311 (86)  209(97) 2,773 134 Montana 5 (3) 5 (5) aa aS 
320 (86) 212 (98) 2,839 138 Portland 16 (7) 13 (4) 92 3 
District 4 Se a GD) 12 (9) 11712 
pokane 
Alabama 5 (1) 5 (3) Soe lemeetitals 2 a sare pee 
Atlanta 3 (1) 4 (1) 71 O (1) 4 (3) 39 2 
Florida 15 (5) 6 (3) a 57 (32) 42 (23) 326 21 
Louisville 1 (1) 12 (7) 56 3 cates 
Menipiis 3 (1) 1 (0) af 5 District 10 
New Orleans 8 (5) 6 (2) ye & Saskatchewan 4 (0) 3 (0) 24 O 
North Toronto 15 (8) 13 (2) 286 15 
Garolina 10 (4) 5 (3) 72 4 Vancouver 10 (4) 10 (4) SSeS 
Virginia 7 (5) 14 (2) 86 3 29 (12) 26 (6) 398 18 
52 (23) 53 (21) 451 19 otal: 
me Section 
is ric territory 1,164 (493) 957 (447) 10,881 483 
Chicago 34 (16) 34 (17) 614 23 Non-Section 
Central territory 140 (65) 138 (59) 1,714 
Indiana 14 (9) 10 (1) 94 3 Grand Total 1,304 (558) 1,095 (506) 12,595 


Note: Following the number of applications reported for the month or period is indicated within pa- 
rentheses the number of these applications received from Enrolled Students upon expiration of enrolment. 
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Power Group and Other Group Activities 
of the Institute's New York Section 


A report of the development of group activi- 
ties in the A.I.E.E. New York Section pre- 
pared especially for ELECTRICAL ENGI- 
NEERING by F. P. West (A’25), chairman of 
the power group of the New York Section, 
1935-36, and H. E. Farrer (A'21), a member 
of A.I.E.E. headquarters staff. 


Many of those who have been respon- 
sible for carrying on the work of the Insti- 
tute’s New York Section for the 10 years 
following its establishment in 1919 were im- 
pressed with the need of an expansion of ac- 
tivity and service beyond that involved in 
the holding of the usual 8 general meetings. 

The New York Section comprises 20 to 
25 per cent of the national membership and 
represents a fair cross section of the field 
of electrical engineering. It was therefore 
advisabie to provide subjects for the meet- 
ings which could be treated in a very gen- 
eral manner so that they would appeal to 
the members engaged in lines of engineering 
other than those discussed. This pre- 
vented, to a large degree, the detailed. pres- 
entation and discussion of technical prob- 
lems specific to certain fields-of engineering 
that were represented by large groups of 
members, such as those engaged in the de- 
velopment of facilities pertaining to the 
fields of power, transportation, communi- 
cation, lighting, and other similar classes. 

' There was thus lost to the men in such 
groups great educational opportunities to 
improve their knowledge along the lines of 
endeavor in which they actually were em- 
ployed. 

An expansion of activity and an increase 
in the number of meetings would result in 
giving to a far greater number of members a 
personal part in the Section program, both 
technical and administrative. 

In view of the foregoing considerations, 
it was decided to divide the Section, as far 
as main fields of interest were concerned, 
into groups; and in April 1929 the execu- 
tive committee arranged for the establish- 
ment of the communication, illumination, 
power, and transportation groups. 

Appreciating that in seeking a method of 
increasing Section activities by subdivision 
and specialized development of group inter- 
ests there also might have been created a 
tendency, altogether too prevalent today 
in practically all fields including engineer- 
ing, to forget that fundamental principle for 
successful organization operation so effec- 
tively expressed in the phrase “in union 
there is strength,” it was agreed also that 
whatever specialized activities were set up 
by and for any group participation should 
be open to the entire Section membership. 
That this decision was a wise one is evi- 
denced by the very considerable attendance 
at many group meetings of members of each 
of the other 3 groups, and also by the gen- 
eral development of interest -in the New 
York Section as a whole and in membership 
in the national organization. 

It might be well to point out here that the 
activities of all 4 groups are subject to the 
review, co-ordination and approval of the 
execttive committee of the Section itself. 
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To date, however, official supervision has 
consisted largely in the allocation to the 
groups of the number and dates of meetings. 
This is necessary in order that the Section 
budget be not exceeded, as well as to insure 
a complete Section program without con- 
flicting meeting dates. 

In a recent review of Section and group 
activities, the executive committee became 
so impressed with the wonderful results ob- 
tained by the group organizations in follow- 
ing through the plans for expansion that 
they felt a description of the efficient opera- 
tion of one of the groups, for instance, the 
power group, might be of interest and value 
to other A.I.E.E. Sections. Hence, in the 
following paragraphs there is given a some- 
what general outline of power group activi- 
ties as now carried on. 


Power Group ACTIVITIES 


The power group organization is officered 
by an elected chairman, a vice chairman, 
and a secretary, together with an executive 
committee. Three operating committees 
are appointed as follows: program, pub- 
licity, and related activities; these, with 
the executive committee, comprise a total 
personnel of 34. The executive committee 
serves as the co-ordinating body to which 
the other 3 committees report. The pro- 
gram committee handles all arrangements 
for the technical meetings, including the se- 
lection of subjects and speakers. The re- 
lated activities committee has devoted a 
large amount of time to the planning and 
carrying out of inspection trips, although 
other activities, really the side lines in the 
group program, come within itsscope. For 
instance, they set up a course in structures 
to aid engineers applying for a professional 
license; the registration was more than 170. 
The interest in this course was such that 2 
new classes are now in operation. Then 
there is an effective speaking course also in 
session, and a review course in electrical ex- 


gineering; one in electronics is getting under 
way. Courses in such subjects as economics 
and business law, as wellas a golf tournament 
and other entertainment features, are under 
consideration. 

The publicity committee prepares special 
notices and posters of power group events 
and arranges for their placement on the 
bulletin boards of the electrical industry 
in New York City. For this purpose they 
have built up a comprehensive list of men 
who regularly attend to this work in the 
Section territory. These special notices are 
of course adjuncts to the notices always 
mailed to the entire section membership 
each month, and have served very effec- 
tively in building up meeting attendance. 
The committee also prepares written ac- 
counts of proposed and past meetings for 
the press. 

The technical meetings of the power 
group, of which there have been 4 allocated 
each year to date, have enjoyed unusual 
success, both as to attendance (averaging 
more than 400), and from the viewpoint of 
the extremely effective presentation and 
discussion of technical papers by some of 
the younger engineers. One of the meet- 
ings of particular interest each year has a 
volunteer paper program, consisting en- 
tirely of papers selected from voluntary 
submissions. 

In having provided this medium (the 4 
group organizations) for the presentation 
and active discussion of papers by the 
younger engineers, something almost en- 
tirely absent formerly under the 8-monthly- 
meeting program, it is believed that an 
agency has been provided that is of great 
benefit to the individual engineer and to the 
Section. The extensive series of inspection 
trips previously mentioned as having been 
set up by the related activities committee 
of the power group has proved so popular 
that in some cases the demand for tickets 
has far exceeded the available accommoda- 
tions. These trips have included, among 
others, those to newspaper plants, a brew- 
ery, the S. S. “Normandie,” an airplane 
carrier of the U. S. Navy, General Electric 


‘Works at Schenectady, N. Y., the General 


Electric ‘“House of Magic,’’ Pennsylvania 
Railroad electrification, and the Richmond 


Membership— 


Mr. Institute Member: 


As of March 2 the number of applications received for admission 
to the Institute was 1,304 as compared with 1,095 of last year. 
increase continuously attests to the effectiveness of your inviting to 


This 


Institute membership those who you think worthy. 


Very shortly now we will be asking you by letter to continue to 
help your Section membership committees in this way. 


¢ ess 


Chairman National Membership Committee 
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station of the Philadelphia (Pa.) Electric 
Company. 

When a charge has been necessary to 
cover inspection trip arrangements, the 
policy has been established of requiring 
payment of a higher fee by nonmembers 
wishing to take part. This practice has 
applied also to the registrants in the courses 
now being given. Perhaps here lies at 
least a partial answer to the oft encountered 
reactions to membership solicitation: ‘“Why 
should I join the A.I.E.E.? I can attend 
the meetings anyhow and read the publica- 
tion in the company office.” 

In drawing this picture of what has been 
accomplished under the group plan of opera- 
tion in the New York Section it has been 
possible only to hint at one of the control- 
ling factors to which success has been largely 
attributable—co-operation by committees, 
individuals, the utilities, the manufacturers, 
in fact, by all the interests involved. To 
the committeemen, the men who have car- 
ried the real burden, all creditisdue. They 
have shown an interest and enthusiasm 
which speaks well for the future, and they 
have borne the headaches without a protest. 
The fund of talent and range of interests 
available to the New York Section, of 
course, places it in an enviable position for 
the carrying out of comprehensive activi- 
ties; but the size of the Section also pre- 
sents some apparently insurmountable 
difficulties to the accomplishment of certain 
desirable goals. General get-togethers of 
any large part of the membership are im- 
practical. It is only through the contacts 
provided at meetings, on inspection trips, 
and in committee work that the members 
get to know many of their brother engineers 
who are not their immediate associates. It 
is therefore on these activities that the em- 
phasis has been placed in group operation. 
The use that can be made in other Sections 
of the methods that have led to success in 
New York must be somewhat dependent on 
local conditions. It is hoped, however, 
that at least some of the ideas here touched 
upon may prove of value in building up a 
bigger and better A.I.E.E., an A.I.E.E. that 
really will help the individual engineer in 
many material ways. 


A.S.A. Standards 
for Rotating Machinery 


New and revised requirements for most 
of the rotating electrical machinery manu- 
factured and used in the United States are 
now made available in a single volume, the 
“American Standards for Rotating Elec- 
trical Machinery,” just published by the 
American Standards Association. 

Standard requirements and specifications 
for electrical machinery, from the large 
central station generators and industrial 
and steel mill motors to the small motors 
used on household appliances, such as 
vacuum cleaners and electric fans, are in- 
cluded in the new publication. Synchron- 
ous, induction, and d-c machines, syn- 
chronous converters, and a-c and d-c frac- 
tional horsepower motors are covered. 

With new material added by the Aineri- 
can Standards Association’s committee, the 
publication combines revisions of the ma- 
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Tesla Coil to Be Exhibited 


at Engineers’ Show 


Axnuatty, the senior engineers of 
Texas Technological College, Lubbock, 
sponsor an engineers’ show consisting of all 
the principal attractions of the school to- 
gether with any individual exhibits as- 
sembled by students. Each year, the 
senior electrical engineers offer the Tesla coil 
shown in the accompanying illustration 
as one of the principal attractions of the 
electrical engineering department, and, 
according to John L. King (Enrolled 
Student), manager of this year’s show (April 
17-18), it never ceases to be of interest. The 
coil is 9 feet high and is rated 10 kw; it is de- 
signed to discharge a 10 foot spark of about 
3,000,000 volts at a frequency of 50,000 
cycles per second. The spark shown in the 
illustration is limited to about 6 feet by 
the size of the room in which the coil is 
placed. 


terial formerly published by the A.I.E.E. 
in 5 separate pamphlets (A.I.E.E. Stand- 
ards 5, 7, 8, 9, 10) and those motor and 
generator standards of the National Elec- 
trical Manufacturers Association that are of 
general interest. 

By specifying that a machine must con- 
form to the American Standards, a buyer 
now can be relieved of worry about the 
details of design, unless his requirements 
are very special, because the American 
Standards establish the essential features. 
He can be sure that he is obtaining a ma- 
chine of approximately the same character- 
istics to do a specific job, from any reputable 
manufacturer. 

The N.E.M.A. rules which, together with 
the A.I.E.E. standards, form the basis for 
part of the new standards, deal particularly 
with manufacturing practice as it has grown 
up for various types of machines and include 
such standards as values for rating purposes, 
dimensions, and structural details. 

The outstanding accomplishment of the 


A.1.E.E. standards has been the definition 
of the terms and conditions that character- 
ize rating and performance. The line of 
demarcation has not been distinct, and 
with the growth and increased detail of both 
the A.I.E.E. and N.E.M.A. standards, 
this dividing line became less distinct. 
In the new standards, these 2 existing and 
overlapping sets of standards are combined 
to form one complete ‘‘common language” 
for rotating machinery. 

Single copies of this standard pamphlet 
“Rotating Electrical Machinery,’ No. C-50, 
may be obtained either from the A.S.A. or 
from A.I.E.E. Headquarters, 33 West 
39th Street, New York, N. Y., at $1.30 
each, with the usual 50 per cent discount to 
A.I.E.E. members. 


Third Annual Report 
of E.C.P.D. Published 


Recent publication of the third annual re- 
port of the Engineers’ Council for Profes- 
sional Development makes available to 
engineers and educators a record of the ac- 
tivities of this body. It provides authentic 
information on the organization, purposes, 
policies, personnel of the Council and the 
work of its 4 major committees on student 
selection and guidance, engineering schools, 
professional training, and professional recog- 
nition. 

The 36 page annual report contains a list 
of the participating bodies and their repre- 
sentatives for 1935-86, the report of C. F. 
Hirshfeld, chairman of E.C.P.D. for 1935, 
committee reports, the charter and rules of 
procedure of E.C.P.D., the policies adopted 
by E.C.P.D. since its formation, a brief re- 
port on finances, and the committee per- 
sonnel for 1935-36. 

Chief interest attaches to the 4 committee 
reports. The report of the committee on 
student selection and guidance, of which 
R. L. Sackett, dean of the college of engi- 
neering, Pennsylvania State College, is 
chairman, deals principally with tests de- 
signed to supplement methods of selecting 
students for engineering colleges. 

Plans for putting into effect its program of 
accrediting engineering schools are discussed 
in the report of the committee on enginéer- 
ing schools, of which Karl T. Compton, 
president, Massachusetts Institute of Tech- 
nology, is chairman. 

An appendix to the report of the com- 
mittee on professional training, of which 
Robert I. Rees, assistant vice president, 
American Telephone and Telegraph Com- 
pany, is chairman, contains an announce- 
ment of a selected bibliography of engineer- 
ing subjects with samples from the civil 
engineering section, covering selected books 
on bridges, concrete, construction materials, 
foundations, highways, hydraulics, mechan- 
ics of materials, railroads, sewerage and 
sewage disposal. Other sections of the bib- 
liography will cover mathematics, physics, 
chemistry, aeronautical engineering, chemi- 
cal engineering, electrical engineering, in- 
dustrial engineering, mechanical engineer- 
ing, metallurgical engineering, and mining 
enginering. 

A second appendix to this report presents 
a preliminary survey of university extension 


ELECTRICAL ENGINEERING 


facilities, including a general description of 
the scope of the courses included in the sur- 
vey and a list of the educational institu- 
tions giving these courses through classroom 
-and correspondence study. A suggested op- 
erating program for the professional de- 
_velopment of junior engineers comprises a 
third appendix to this report. 

Among other subjects the report of the 
committee on professional recognition, of 
which C. N. Lauer, president, Philadelphia 
Gas Works, is chairman, deals with registra- 
tion of engineers, and includes, as an appen- 
dix, a digest of the engineer registration laws 

in 35 states. 

The Engineers’ Council for Professional 
Development is a conference of engineering 
bodies organized to enhance the professional 
status of the engineer through the co- 
operative support of those national organiza- 
tions directly representing the professional, 
educational, and legislative phases of an 
engineer’s life. The participating bodies are 
American Society of Civil Engineers, 
American Institute of Mining and Metallur- 
gical Engineers, The American Society of 
Mechanical Engineers, American Institute 
of Electrical Engineers, Society for the Pro- 
motion of Engineering Education, American 
Institute of Chemical Engineers, National 
Council of State Boards of Engineering Ex- 
aminers. 

Charles F. Scott, chairman, Connecticut 
State Board of Registration, is chairman of 
E.C.P.D., and George T. Seabury, secretary, 
American Society of Civil Engineers, is sec- 
retary. Copies of the third annual report 
may be obtained at nominal cost by address- 
ing The Engineers’ Council for Professional 
Development, 29 West 39th Street, New 
York, N. Y. 


Midwest Power Conference 
to Be Held April 20-23 


The 1936 Midwest Power Engineering 
Conference will be held at the Palmer House, 
Chicago, Ill., April 20-23. Co-operating 
in this affair are the Chicago sections of 
several engineering societies, including the 
American Society of Civil Engineers, The 
American Society of Mechanical Engineers, 
the A.J.E.E., the Edison Electric Institute, 
National Safety Council, American Society 
of Refrigerating Engineers, and the Western 
Society of Engineers. Conference com- 
mittee representatives of the A.I.E.E. 
Chicago Section are J. E. Kearns (A’07, 
M’21) and F. H. Lane (M’23). 

It is expected that 35 papers will be pre- 
sented at the 12 sessions scheduled. There 
will be exhibits of power equipment, sup- 
plies, and services by leading manufacturers. 

Arrangements have been made for re- 
duced railroad fares on the “‘receipt certifi- 
cate plan’ on tickets purchased April 16 to 
22, good for a return ticket purchased not 
later than April 27 over the same route. 
All members of the participating societies 
who pay the membership registration fee of 
$1.00 at the power conference will be en- 
titled to the reduced return fare. Members 
wishing to take advantage of this offer must 
have their certificates validated by G. E. 
Pfisterer, secretary of the conference, at 
registration headquarters on April 22 or 23. 
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Mammoth Electric Sign. A huge electric 
sign, representing a million dollar invest- 
ment of the Wm. Wrigley Jr. Company, has 
been constructed on the east side of Times 
Square in New York, N. Y., from 44th 
to 45th Streets. It contains 1,084 feet of 
neon tubing, almost 70 miles of insulated 
wire, 29,508 lamp receptacles, and 8 tons of 
galvanized sheet metal, and has a total 
weight of 110 tons. It is said that the total 
connected electrical load is 700 kw. The 
sign depicts a variety of tropical fish. 


Pgincarine 
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Platform 
Adopted 


On June 14, 1935, The Engineering Foun- 
dation board adopted the following plat- 
form, which supersedes the platform of 
1925. The new platform was approved by 
the board of trustees of Foundation on June 
27, 1935, and during subsequent months has 
been approved by 4 Founder Societies. 


PREAMBLE 


The Engineering Foundation board has 
contemplated its prospects for usefulness to 
the profession of engineering and to man- 
kind, together with its probable resources of 
men and money. Guided by experience in 
20 years characterized by profound changes 
in science, engineering, economics, industry, 
and political organization; assisted by many 
expressed opinions of members of its Foun- 
der Societies and friends, and encouraged by 
commendations and additional gifts from its 
founder and other persons, the Foundation 
board, without limiting the discretionary 
power bestowed by the founder and the 
Founder Societies through its broad charter, 
expresses its general plan and policy for the 
near future in the following platform, which 
supersedes the platform of 1925. 


GENERAL PLAN AND POLICY 


1. The Engineering Foundation recognizes the re- 
sponsibility of leadership placed upon it for attain- 
ing the objectives set forth in the deed of gift. 


2. The Foundation will concern itself with human 
as well as technical aspects of engineering problems 
of wide interest. Activities which will have as their 
main objectives “‘the advancement of the profession 
of engineering,’’ whether by research or other 
means, will be given preference. 


3. The Foundation will initiate new projects or 
will select from time to time projects presented to it 
which are deemed most likely to attain its objectives. 


4. In examination of proposals and in development 
of those selected the Foundation will seek the col- 
laboration of members or committees of its Founder 
Societies especially conversant with the subject 
under consideration. It will also seek other counsel 
as needs arise. 


5. It will assist in developing selected proposals 
into organized projects, and will choose a compe- 
tent agency for the conduct of each project, when in 
approved form. 


6. It willassist approved projects, according to the 
needs of each, by grants of money, by solicitation of 


contributions of money, services, and materials, and 
in other ways. 


7. Responsibility for development and prosecu- 
tion of each project shall rest upon the chosen 
agency, which agency shal] have the largest prac- 
ticable measure of freedom in carrying out the 
project. 


8. The Foundation will require periodically an 
accounting for resources supplied for each project 
and acceptable reports of results. 


9. Proposals recommended by its Founder Socie- 
ties and of broad interest to the profession will be 
given preference, 


10. The Foundation will endeavor within its 
sphere of influence to prevent conflict of research 
activities and such duplication as would be wasteful. 


American 


Engineering Gammel 


Rural 


Electrification 


Rural electrification now has the support 
of legislation. The new act provides $42,- 
000,000 per year for 10 years for the con- 
struction of transmission lines into rural 
areas and the construction of generating 
plants where an adequate supply of elec- 
tricity is not available, or where it cannot be 
obtained at what are thought to be reason- 
able prices. However, present rural electri- 
fication commitments range between 5 and 
6 million dollars for about 5,000 miles of 
transmission lines to take care of 17,500 farm 
families. Money for these extensions is 
loaned at 3 per cent for 20 years. With few 
exceptions, these new lines are intercon- 
nected with privately owned utilities for 
their supply of electricity. This trend, both 
in volume and in method, is following prin- 
ciples and recommendations earlier made by 
American Engineering Council committees 
and staff to the Rural Electrification Admin- 
istration. 


Activities of 
National Resources Committee 


The National Resources Committee, 
known originally as the National Planning 
Board, has been seeking legislation making 
possible the creation of a planned approach 
to the development of our natural, as well as 
human, resources. The hearings held before 
the Land Policy Committee of the House of 
Representatives were not friendly, perhaps 
because it is difficult to get congressmen to 
understand what is meant by “human re- 
sources.” American Engineering Council 
has expressed itself as being in sympathy 
with some of the objectives of the National 
Resources Committee, particularly those 
objectives seeking to co-ordinate federal and 
state relations to such practical questions as 
water resources, flood control, and co- 
ordinated development of mineral resources. 

One simple objective recommended by 
Council’s committee on water resources, 
namely, to set up a board of water resources, 
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which would serve as a clearing house for 
factual information on this subject, has had 
the approval of the members of the National 
Resources Committee and of its subcom- 
mittee on water resources. Similarly, the 
proposal for a basic mapping program has 
had the approval of the Water Resources 
Committee. In brief, it would seem possible 


to secure favorable consideration of a 
planned approach to the co-ordination of the 
orderly development of our “natural re- 
sources.’? When the word “natural” is sup- 
planted by ‘national,’ and “human” as 
well as “material”? resources are included, 
there apparently results a confusion of 


tongues. 


Vetters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or to reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Voltage Regulation 
of Alternators 


To the Editor: 


Sections 121, 122, and 123 of the A.I.E.E. 
Proposed Test Code for Synchronous Ma- 
chines gives a method of finding the voltage 
regulation and load field current of alter- 
I should like to ask what features 


nators. 
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of the proposed A.I.E.E. method make it 
superior to the method referred to in text- 
books by Lawrence (‘‘Principles of Alter- 
nating Current Machinery’’) as the ‘‘gen- 
eral method” and by Bryant and Johnson 
(“Alternating Current Machinery’) as 
“method A”’ which has a rational basis? 

Although this so-called ‘‘general method”’ 
is theoretically correct only for cylindrical 
rotor machines the results obtained by it 
are in very close agreement with test re- 
sults made on a wide classification of salient 
pole machines. The method also admits of 
a readily applied and accurate graphical 
solution which is of advantage to the de- 
signer and which will be illustrated. 

The graphical solution requires the open- 
circuit, the short-circuit, and the full-load 
zero-power-factor saturation curves and 
the effective phase resistance. From point 
A on the full-load zero-power-factor satura- 
tion curve (figure 1) lay off, on the normal 
voltage line, AB equal to OR, the field 
current required to circulate full load cur- 
rent in the short-circuited armature. From 
B draw a line parallel to the air gap satura- 
tion curve until it intersects the open- 


Fig. 1 (left). Graphi- 
cal method of deter- 
mining voltage regu- 
lation of alternators 


Fig. 2 (below). 
Vector diagram 
showing that method 
of figure 1 is equiva- 
lent to ‘general 


method” 
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circuit saturation curve at C. From C 
drop a perpendicular to the normal voltage 
line intersecting it at D. Then CD is the 
full-load armature-reactance voltage in 
per cent of rated terminal voltage, and DA 
is the full-load armature-demagnetizing 
effect of armature reaction in terms of field 
current. The illustration is carried out for 
the condition of generating full load at 0.8 
inductive power factor. To vector OE, 
the rated terminal voltage at 0.8 power 
factor, add the full-load armature-resistance 
drop in per cent of normal voltage, equal to 
EF and parallel to the voltage axis or cur- 
rent vector. From point F add the full- 
load armature-reactance drop, equal to CD, 
in per cent of normal voltage, perpendicu- 
lar to the voltage axis or current vector, 
obtaining FG. Generation of the resultant 
voltage, OG, requires from the open-circuit 
saturation curve, a field current OH. To 
OH add the full-load armature demagnetiz- 
ing effect HJ, equal to DA, parallel to the 
generated voltage OG. Then OJ, rotated 
to the field current axis, is the field current 
required to generate full load at normal 
voltage and 0.8 inductive power factor. 
The no-load voltage is Eo. 

The ease of application of the foregoing 
graphical solution is apparent, and it is 
readily proved to be the ‘‘general method.” 
Let OF, the rated terminal voltage, be the 
reference vector in figure 2, and draw Ja 
lagging by the power factor angle @. To 
vector OF add the full-load armature- 
resistance drop EF parallel to the current 
vector Jag. From F add the full-load arma- 
ture-reactance drop FG. Generation of 
the resultant voltage Ee requires, from the 
open-circuit saturation curve, a magnetomo- 
tive force N(OH); OH is the field current and 
N the field turns per pole. The magneto- 
motive force (OH) and flux ¢r lead Eg by 
90 degrees. The armature magnetomotive 
force N( HJ) or N(DA) is in phase with the 
armature current Jg. The field magneto- 
motive force must be strong enough to over- 
come the armature reaction magnetomotive 
force and also supply the useful magneto- 
motive force NM(OH). To obtain this field 
magnetomotive force subtract (vectorially) 
the armature magnetomotive force from the 
useful magnetomotive force N(OH) giving 
N(OI); OI, the field current necessary to 
generate full load at normal voltage, is 
N(OJ) divided by NV. 

To show that the graphical construction 
is the “general method” let the angle that 
OG makes with OH in the graphical con- 
struction be 8. Since HJ is drawn parallel 
to OG, its angle with OH projected is also 
8. In figure 2 HI is drawn 180 degrees 
out of phase with OJa, and Ola readily is 
seen to be at the angle 6 with the projected 
HO vector. Hence HI is also at the angle 
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8 with the vector OH projected and the 2 
methods are identical. 

Since this method is rational, exact, and 
readily applied, I would like to ask again: 
What features of the proposed A.I.E.E. 
method make it superior to this ‘general 
method’’? 


Very truly yours, 
H. R. ReEp (A’28, M’34) 


Associate Professor of Electrical 
Engineering, Michigan College 
of Mining and Technology, 

Houghton 


Mr. Canby’s 
“Alma Mater’ 


To the Editor: 


Some years ago Harold J. Laski wrote 
an article, “The Academic Mind.” Ap- 
pearing in Harper’s Magazine for April 
1929, the following may be seen: 


“Once practical men begin to meddle with univer- 
sities, mediocrity within is given its opportunity. 
Orthodoxy becomes the ideal in any subject of 
social import. ... What is the intellectual fashion of 
the moment is developed and cultivated at the ex- 
pense of what is basic. The administrator becomes 
more important than the teacher, .. . The univer- 
sity, at the best, becomes a semitechnical school; 
and at the worst a graceful academy where the sons 
of practical men learn that modicum of cultivation 
which social success demands.”’ 


This is now made the more pertinent 
by the recent publication of Henry Seidel 


Canby’s volume ‘‘Alma Mater.’”’ Reviews 
of this work can be seen in: 

Saturday Review of Literature........ Feb. 22, 1936 
New York Times Book Review...... Feb. 23, 1936 


New York Herald Tribune ‘‘Books’’.. Feb. 23, 1936 


These furnish most interesting reading 
since each reviewer has been stimulated to 
incisive comments on education. One of 
them states that Mr. Canby’s schooling 
seemed to align fairly well with the Ameri- 
can notion that “a power trust is all right 
if run by the right people, but a ‘brain 
trust’ in government is contemptible upon 
any terms.’’ The book itself is a recording, 
by a person of unimpeached intellectual 
and ‘‘success” attainments, that Liberal 
education in its heyday was a rather barren 
thing. As he looks back he finds true 
scholars rare, and the independent thinker— 
as Sumner—suspect by influential alumni. 
This is noted in spite of implicit resentment 
toward “hardboiled”’ science incapable of 
being bluffed. 

I submit herewith that the urging toward 
social studies in engineering education can 
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Fig. 2. Admittance locus diagram for a self-excited capacitor generator 


well bear scrutiny in the light of these 
matters. Particularly so as economics is to 
be fostered as a desirable in the training of 
“engineer a,’ to say nothing of it being 
nominated as a vital principle to help 
“engineers 8” and “‘y”’ along. 

Social scientists affect a view that physi- 
cal science has produced a Frankensteinian 
monster from which the social studies 
alone are competent to save humanity. 
This in the face of social scientists lacking 
and needing a point of view relevant to all 
science and which a competent training in 
physical science alone seems able to give. 
The things of which Mr. Canby writes 
are the stuff of which the humanities are 
made and their present character is just 
about the same as was permitted in his 
day by economic circumstances and popular 
opinion. 

Few engineers, I believe, look back on 
their professional schooling to see it, the 
sterile thing that Mr. Canby views at this 
distance. Nor can I believe that they 
must evaluate their teachers as he has his— 
like medieval monks doing office—in 
vicarious expiation for venal control groups. 
Remembering, however, that our business 
and management goadings are not vastly 
different from those stimulating society 
in his college and teaching days, it is well 
to consider how much of uncompromising 
logical process may be displaced by pseudo 
science before technical graduates are able 
to look back and see such as he has set forth. 


Very truly yours, 


J. ANDREW Douc-as (A’18, M’29) 
313 McDonald Ave., 
Mobile, Alabama 
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Fig. 1. 


Equivalent impedance (upper) and admittance (lower) diagrams for a single phase 


capacitor generator (or for a single phase of a 3-phase star-connected capacitor generator 
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Equivalent Circuit of a 
Self-Excited Capacitor Generator 


To the Editor: 


I was very interested in the paper ‘Ca- 
pacitive Excitation for Induction Genera- 
tors” by Bassett and Potter, which was 
published in the May 1935 issue of Errc- 
TRICAL ENGINEERING (pages 540-5), and 
also in the discussion which has followed 
to date; it appears that this type of ma- 
chine is still without any definite applica- 
tion. 

Some years ago I constructed the follow- 
ing method of attack of this problem, which 
shows the minimum excitation capacitance 
and the regulation on any load, and also the 
maximum load capacitance at a glance. 

In figure 1 are shown equivalent imped- 
ance and admittance diagrams of a self- 
excited capacitor generator, where 


Ly = load inductance in henrys 
Rx, = load resistance in ohms 


C = capacitance in microfarads 

Gq = generator conductance in mhos 
Bi = load susceptance in mhos 

Gri = load conductance in mhos 

Bc = capacitive susceptance in mhos 


Be = generator susceptance in mhos 
f = frequency in cycles per second 


For stability, Be = Be + Br and Gz = 
Ge. 

It will be obvious that the generator con- 
ductance and susceptance ate a minimum 
at 0 volts and increase on account of the 
saturation of main and leakage flux paths 
with increasing voltage. 

The admittance locus diagram shown in 
figure 2 is roughly similar to the current 
locus circle diagram and is plotted for 
one particular frequency, say 60 cycles. 
The usual construction for slip is in order, 
and the generator must be driven super- 
synchronously by that amount of slip for the 
load point considered. In figure 2, Oc = 
Grand CD = Bc — Bz. If the capacitive 
susceptance be larger than OB, the machines 
will excite on no load; hence full load volt- 
age (for point D) = 440 volts, and no load 
voltage (point E) = 480 volts. 


Very truly yours, 
REGINALD D. Batt (A’31) 


English Electric Co., 
Bradford, Eng. 
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Francis Hopecxinson (A’02) consulting 
mechanical engineer, Westinghouse Elec- 
tric and Manufacturing Company, South 
Philadelphia, Pa., recently retired from ac- 
tive service. Mr. Hodgkinson was born 
in London, England, June 16, 1867, and 
attended the Royal Naval School, New 
Cross, England. He received the honorary 
degree of mechanical engineer from the 
Stevens Institute of Technology in 1934. 
After having served an apprenticeship with 
Clayton and Shuttleworth, agricultural en- 
gineers, Lincoln, England, he became asso- 
ciated (1885) with C. A. Parsons in the 
early development of the reaction steam 
turbine. In 1890 he joined the Chilean 
Navy and served as engineer aboard a tor- 
pedo boat destroyer until the termination 
of the civil war in that country. During 
the period 1891-94 he served as assistant 
engineer at an electric lighting station in 
Lima, Peru, and as installation engineer for 
a mining company in Casapalca, Peru. 
In 1894 he rejoined C. A. Parsons and Com- 
pany, Newcastle, England, as superintend- 
ent of construction. In 1896 when the late 
George Westinghouse (A’02) negotiated a 
license agreement with C. A. Parsons and 
Company, Mr. Hodgkinson became asso- 
ciated with the Westinghouse Machine 
Company. He was in charge of steam tur- 
bine construction until 1916 when he was 
made chief engineer of the Westinghouse 
Electric and Manufacturing Company. 
In 1926 he became consulting engineer for 
that company, and served in that capacity 
until the time of his retirement. He served 
on the Institute’s committee on applica- 
tions to the iron and steel industry, 1914- 
15, and on the power generation committee, 
1924-28." He is a member of the Institu- 
tion of Mechanical Engineers of Great 
Britain and The American Society of Me- 
chanical Engineers. 


R. E. Donerry (A’16, M’27) dean of the 
School of Engineering, Yale University, re- 
cently was elected president of the Carnegie 
Institute of Technology. Professor Do- 
herty was born at Clay City, Ill., January 
22,1885. He received the degrees of bache- 
lor of science in electrical engineering (1909), 
master of science (1921),.and the honorary 
degree of master of arts from the University 
of Illinois, Union College, and Yale Univer- 
sity, respectively. He was engaged by the 
General Electric Company, Schenectady, 
N. Y., in 1909, and during the period 1910- 
20 he was designing engineer for that com- 
pany. In 1920 he became assistant to the 
late Dr. C. P. Steinmetz (A’90, M’91, F’12, 
and past-president) and continued to serve 
in that capacity until the death of Doctor 
Steinmetz in 1923. He was consulting engi- 
neer for the General Electric Company from 
1923 until he became professor of electrical 
engineering at Yale University in 1931. 
He was appointed dean of the school of engi- 
neering in 1932. He served as a member 
of the Institute’s education committee 
1918-19 and 1926-28, and as chairman 
1931-35. He was also a member of the 
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committees on electrophysics (1924-26), 
power transmission and distribution (1928- 
29), and technical program (1931-33). 
During the period 1926-27 he served as 
chairman of the Schenectady Section of the 
Institute. Professor Doherty has contribu- 
ted much to technical literature, and is 
the author of numerous papers presented 
to the Institute. He is a member of the 
Society for the Promotion of Engineering 
Education, Tau Beta Pi, Sigma Xi, Theta 
Delta Chi, and Eta Kappa Nu. 


E. A. Lorw (A’08, M’18) professor of 
electrical engineering, University of Wash- 
ington, Seattle, recently was appointed dean 
of the college of engineering. Professor 
Loew graduated from the State Teachers 
College, Oshkosh, Wis., in 1901, and re- 
ceived the degrees of bachelor of science in 
electrical engineering and electrical engi- 
neer from the University of Wisconsin in 
1906 and 1922, respectively. He accepted 
a position on the electrical engineering fac- 
ulty of the University of Wisconsin in 1906 
and remained there until he transferred to 
the University of Washington in 1909. Dur- 
ing the period 1917-20 he secured leave of 
absence to serve as electrical engineer and 
superintendent of the American Nitrogen 
Products Company. He served later in the 
capacity of consulting engineer for the same 
company until 1928. He returned to the 
University of Washington in 1920 and has 
been professor of electrical engineering since 
1923. He has contributed much to techni- 
cal literature. Professor Loew served as 
member of the Institute’s education com- 
mittee 1916-17 and 1929-31, and of the 
power transmission committee 1926-27. 
He is a past-chairman of the Seattle section 
(1925-26), and was chairman of the 1935 
Pacific Coast convention committee. He 
is a member of Tau Beta Pi and Sigma Xi. 


Davip SARNOFF (M’23) president, Radio 
Corporation of America, New York, N. Y., 
recently was awarded the decoration of 
Officer of the Oaken Crown of the Grand 
Duchy of Luxembourg. The award was 
made by W. H. Hamilton, charge d’affaires 
and consul general of the Grand Duchy, at 
the command of H. R. H. the Grand Duch- 
ess Charlotte, “in recognition of his pio- 
neering work and contribution to the radio 
art.”’ The cross of chevalier of the Legion 
of Honor was awarded to Mr. Sarnoff by the 
French government in 1935. 


L. W. Rosert (A’31) former assistant 
secretary of the U.S. Treasury Department, 
is now with the Allied Chemical and Dye 
Corporation, New York, N. Y. He was 
born in Monticello, Ga., September 3, 1888, 
and received the degree of bachelor of 
science in civil engineering from the Georgia 
School of Technology in 1908. He received 
a degree in electrical engineering at the same 
institution the following year. During the 


period 1909-12 he was engineer for the con- 
sulting firm of P. A. Dallas, Atlanta, Ga. 


' In 1912 he became a member of the firm of 


Dallas-Robert Company, and in 1917 he or- 
ganized his own firm of Robert and Com- 
pany, Inc., with headquarters at Atlanta. 
In 1933 he was appointed assistant secre- 
tary of the treasury in charge of public 
buildings. During the following year he 
was removed from building supervision to 
the Bureau of Engraving and Printing. He 
is a member of American Society of Civil 
Engineers and The American Society of 
Mechanical Engineers. 


S. W. GREENLAND (A’11, M’17) general © 
manager for the federal trustee of the St. 
Louis (Mo.) Public Service Company, re- 
cently was elected president of the Midwest 
Transit Association. Mr. Greenland re- 
ceived his formal engineering training at 
Pennsylvania State College (1896-99) and 
in 1902 he entered the construction depart- 
ment of the American Telephone and Tele- 
graph Company, with headquarters at 
Pittsburgh, Pa. He was manager and engi- 
neer, Columbus (Miss.) Railway, Light and 
Power Company from 1907 until he moved 
to Indiana in 1911 to become general mana- 
ger of the Fort Wayne and Northern In- 
diana Traction Company. In 1910 he 
served as president, Mississippi Electric 
Light Association and as a member of the 
executive committee of the National Elec- 
tric Light Association. In 1916 he was 
president of the Indiana Electric Light As- 
sociation. He became vice president and 
general manager, Indiana Service Corpora- 


‘tion, Ft. Wayne, in 1921, and was associated 


with Newman Saunders and Company, Inc., 
St. Louis, from 1925 until he became gen- 
eral manager of the St. Louis Public Service 
Company in 1928. 


C. E. Srryker (A’21, F’35) formerly 
chief engineer, Fansteel Products Company, 
Inc., North Chicago, IIll., is now with Mc- 
Kinsey, Wellington and Company, with 
offices at Chicago. Mr. Stryker received 
the degree of bachelor of science in electrical 
engineering (1917) and the degree of electri- 
cal engineer (1924) at the Armour Institute 
of Technology. For 2 years following his 
graduation he was employed as testing en- 
gineer, Commonwealth Edison Company, 
Chicago. In 1920 he became assistant pro- 
fessor of electrical engineering, Armour In- 
stitute of Technology, and at the same time 
served as electrical engineer for the Ozone 
Pure Airifier Company; later he served in 
the same capacity for the Underwriters’ 
Laboratories. In 1923 he became affiliated 
with the Fansteel Products Company and 
served continuously, in several capacities, 
until his recent resignation. He is a mem- 
ber of the Society of Automotive Engineers. 


L. T. Merwin (A’10, F’33) who has been 
vice president and general manager, North- 
western Electric Company, Portland, Ore., 
recently was elected president. Mr. Mer- 
win was born at Plainfield, N. J., October 
23, 1873, and received the degree of bache- 
lor of science at the University of California 
in 1896. Following his graduation he was 
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a teacher of mathematics and physics in 
California high schools until 1901. During 
the period 1901-06 he was employed in vari- 
ous capacities by the San Joaquin Lighting 
Corporation, San Francisco, Calif., and dur- 
ing the following year he was district mana- 
. ger for the Nevada-California Power Com- 
--pany, Goldfield, Nev. He was electrical 
engineer for the Goldfield Consolidated 
Mines Company from 1907 until he became 
affiliated with the Northwestern Electric 
Company in 1912. He hasserved that com- 
pany successively as transmission engineer, 
operating engineer, general superintendent, 
assistant general manager, and vice presi- 
dent and general manager. In 1934 Mr. 
Merwin was president of the Northwest 
Electric Light and Power Association. 


H. M. Marspen (A’31) former district 
engineer, Hartford Steam Boiler Inspection 
and Insurance Company, New York, N. Y., 
has been made assistant chief electrical en- 
gineer, with offices at Hartford, Conn. Mr. 
Marsden was employed by the General Elec- 
tric Company, Schenectady, N. Y., in test 
and laboratory work in 1912. During the 
period 1916-19 he was assigned to the Bu- 
reau of Engineering, U.S. Navy, as assist- 
ant inspector of engineering material. In 
1919 he established his own electrical con- 
tracting business, and in 1922 he became a 
member of the testing and laboratory staff 
of the Georgia Railway and Power Com- 
pany, Atlanta. He became electrical in- 
spector in the Cincinnati (Ohio) offices of 
the Hartford Steam Boiler Inspection and 
Insurance Company in 1928, and in 1930 he 
was transferred to the New York head- 
quarters as district engineer. 


EpcGar Kopak (A’21, M’22) has resigned 
as vice president in charge of sales, Na- 
tional Broadcasting Company, New York, 
N. Y., to become vice president of Lord and 
Thomas, New York. Mr. Kobak attended 
the Georgia School of Technology and was 
employed by the Georgia Railway and 
Power Company, Atlanta, during the period 
1912-16. In 1916 he became the Atlanta 
representative of Electrical World. In the 
same year he became assistant engineering 
editor, and in 1920 he was transferred to 
Chicago, Ill., as assistant western manager. 
He spent one year in St. Louis, Mo., in a 
similar capacity before he returned to the 
New York headquarters to become promo- 
tion manager, and later, vice president of 
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the McGraw-Hill Publishing Company. 
He resigned his position with that company 
in 1934 to become affiliated with the Na- 
tional Broadcasting Company. 


H. P. Liversipce (A’12, M’17) vice 
president and general manager, Philadel- 
phia (Pa.) Electric Company, has been 
elected a director of that company. Mr. 
Liversidge received the degree of bachelor 
of science in electrical engineering at Drexel 
Institute in 1898, and has been associated 
with the Philadelphia Electric Company 
continuously since that time. He has been 
active in the Institute’s affairs, and has 
served on the following technical commit- 
tees: meetings and papers, 1920-21; 
power stations, 1918-24: electrical ma- 
chinery, 1923-24; Edison Medal, 1927-29; 
code of principles of professional conduct, 
1928-29. He was chairman of the Phila- 
delphia Section of the Institute for the year 
1916-17. He is a member of The Ameri- 
can Society of Mechanical Engineers and 
the Illuminating Engineering Society. 


J. B. SwerRtNG (A’35) who has been assist- 
ant chief electrical engineer, Hartford Steam 
Boiler Inspection and Insurance Company, 
Hartford, Conn., has been made chief elec- 
trical engineer. Mr. Swering graduated 
from South Dakota State College in 1909 
with the degree of bachelor of science in 
electrical engineering. After a brief service 
in construction and maintenance work, he 
became field engineer for the C. W. Roland 
Company, Des Moines, Iowa. In 1916 he 
became test engineer for the Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa., and in 1922 he was made 
service manager in the Buffalo, N. Y., 
offices of that company. He accepted the 
position of assistant electrical engineer for 
the Hartford Steam Boiler Inspection and 
Insurance Company in 1923. 


L. D. SrncLETON (A’19, M’26) formerly 
assistant chief electrical engineer, Braden 
Copper Company, New York, N. Y., is now 
electrical engineer for the Port of New York 
Authority. Mr. Singleton was engaged in 
electrical maintenance and contracting work 
during the period 1912-17. During the 2 
following years he was employed as test en- 
gineer by the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
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Pa., and in 1919 he accepted a position as 
generating station forernan for the Braden 
Copper Company, Rancagua, Chile. He 
held successively the positions of field elec- 
trical engineer and senior field electrical engi- 
neer before he was transferred to the New 
York offices as assistant chief electrical engi- 
neer of that company. 


G. A. Mitts (M’18) recently was elected 
president of the Kansas Electric Power 
Company, Lawrence, and the Missouri Gas 
and Electric Company, Lexington. Mr. 
Mills is a graduate of Iowa State College. 
He held the position of chief engineer of the 
Central and Southwest Utilities Corpora- 
tion, Dallas, Texas, from 1926 until he 
moved to Michigan in 1932 as president of 
the Michigan Gas and Electric and Michi- 
gan Public Service Companies. In 1935 he 
became vice president of the Kansas and 
Missouri companies that now have made 
him president. Mr. Mills is the author of 
an Institute paper (1929) on ‘‘Interconnec- 
tion in the Southwest.’’ He is a charter 
member of the Dallas Section of the Insti- 
tute and was its first chairman. A brief 
biographical sketch of Mr. Mills appeared 
in the January 1932 issue of ELECTRICAL 
ENGINEERING. 


A. D. Brown (A’31) formerly district 
manager, Allis-Chalmers Manufacturing 
Company, Inc., Buffalo, N. Y., has been 
transferred to the Los Angeles (Calif.) 
offices of that conipany, where he will serve 
as manager. Mr. Brown graduated from 
Union College with the degree of bachelor 
of engineering in 1911. He was associated 
with the Aluminum Company of America, 
Pittsburgh, Pa., on various engineering 
projects, for a period of 3 years following his 
graduation. He then entered the employ of 
the Pittsburgh (Pa.) Transformer Company, 
and was retained as sales engineer for the 
Allis-Chalmers Manufacturing Company, 
Inc., when that company purchased the 
Pittsburgh Transformer Company in 1927. 


A. J. Betjavsky (M’33) doctor of tech- 
nical sciences, professor of electrical engi- 
neering of the Industrial College in Novo- 
cherkassk, U.S.S.R., recently has received 
2 honors. First, the electrotechnical labo- 
ratory of his college has been named after 
him. Second, The Electrotechnical Asso- 
ciation of Berlin, Germany (Elektrotech- 
nische Verein) has awarded him a diploma 
in recognition of his ‘‘prominent services in 
the field of alternating current engineering 
and especially in the field of alternating cur- 
rent rectifying,’ and has designated him as 
a member-correspondent of the association 
(July 1, 1935). 


C. A. Faust (A’35) who has been asso- 
ciate editor of Transit Journal, New York, 
N. Y., is now with the Ohio Brass Company, 
Mansfield. Mr. Faust received the degree 
of bachelor of science in electrical engineer- 
ing at Iowa State College in 1927. He was 
engaged on the staff of the Transit Journal 
in the same year and subsequently served 
that organization in several capacities. He 
is a member of Eta Kappa Nu and active in 
that organization. 
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R. E. Heti_munp (A’05, F’13, Lamme 
Medalist ’29) chief engineer, Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa., has been appointed 
by the Institute’s board of directors to 
serve as an alternate for one of the Insti- 
tute’s representatives upon the electrical 
standards committee, an appointment which 
automatically makes Mr. Hellmund an al- 
ternate upon the U.S. National Committee 
of the International Electrotechnical Com- 
mission. 


H. A. Winne (A’16) former head of the 
steel mill section, General Electric Com- 
pany, Schenectady, N. Y., recently was 
appointed manager of sales of the mining 
and steel mill section. Mr. Winne re- 
ceived the degree of electrical engineer at 
Syracuse University in 1910. He entered 
the employ of the General Electric Company 
as a student engineer in the testing depart- 
ment in the same year, and has served that 
company continuously in several capacities. 


H. E. Farrer (A’21) assistant to the 
national secretary, and secretary of the 
A.J.E.E. standards committee, New York, 
N. Y., has been appointed by the Institute’s 
board of directors to serve as an alternate 
for one of the Institute’s representatives 
upon the electrical standards committee, 
an appointment which automatically makes 
Mr. Farrer an alternate upon the U.S. 
National Committee of the International 
Electrotechnical Commission. 


GuGLIELMO CamILii (A’26, M’27) electri- 
cal engineer, General Electric Company, 
Pittsfield, Mass., recently was selected to 
receive one of the Charles A. Coffin Founda- 
tion awards for 1935. Mr. Camilli was 
cited for the award because of his contribu- 
tion to the advancement in design of high- 
voltage apparatus. He is co-author of a 
paper ‘Surge Protectors for Current Trans- 
formers”’ which appeared in the March 1936 
issue of ELECTRICAL ENGINEERING. 


C. E. STEPHENS (M’22, and past-director) 
vice president, Westinghouse Electric and 
Manufacturing Company, New York, N. Y.., 
has been elected first vice president of the 
Electrical Association of New York, Inc. 
Mr. Stephens has been active on Institute 
committees, and is now serving as chairman 
of the code of principles of professional con- 
duct committee, of which he has been a 
member since 1930. He was a director of 
the Institute 1928-33. 


E. A. Creiirn (A’18, F’28) assistant to 
the vice president, Pacific Gas and Electric 
Co., San Francisco, Calif., recently was 
elected president of the San Francisco Engi- 
neers’ Club. During the period 1931-32 
Mr. Crellin was chairman of the San Fran- 
cisco Section of the Institute and a member 
of the national committee on power genera- 
tion. He is also the author of papers pre- 
sented to the Institute. 


H. H. Cake (A’23, M’30) has resigned 
as sales engineer of the General Electric 
Supply Company at Los Angeles, Calif., to 
become associated with J. E. Haseltine 
Company, Portland, Ore. 
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W. I. SicuTer (A’00, F’12, and national 
treasurer) professor of electrical engineering, 
Columbia University, New York, N. Y., 
has been nominated by the Institute’s 
board of directors for re-election by the 
board of trustees of the United Engineering 
Trustees, Inc., as a representative of the 
A.J.E.E. upon The Engineering Foundation 
Board for the 4-year term beginning in 
October 1936. 


H. P. CHARLESWORTH (M’22, F’28, and 
past-president) assistant chief engineer of 
the American Telephone and Telegraph 
Company, New York, N. Y., has, in addi- 
tion to his other Institute committee duties, 
been appointed by the A.I.E.E. board of 
directors to serve for a year as a member of 
the board of directors of the American 
Standards Association, filling a vacancy. 


H. H. Barnes, Jr. (A’00, F’13) commer- 
cial vice president, General Electric Com- 
pany, New York, N. Y., has been ap- 
pointed by the Institute’s board of directors 
to serve as an A.J.E.E. representative on 
the Hoover Medal Board of Award to fill 
the unexpired term, ending in October 
1941, of Dr. E. W. Rice, Jr., deceased. 


J. B. WHITEHEAD (A’00, F’12, Life Mem- 
ber, and past-president) dean, school of en- 
gineering, The Johns Hopkins University, 
Baltimore, Md., has been appointed by the 
Institute’s board of directors to serve for 
1936 as an A.I.E.E. representative on the 
Council of the American Association for the 
Advancement of Science. 


VLADIMIR KARAPETOFF (A’03, F’12, and 
Life Member) professor of electrical engi- 
neering, Cornell University, Ithaca, N. Y., 
has been appointed by the Institute’s 
board of directors to serve for 1936 as an 
A.1.E.E. representative on the Council of 
the American Association for the Advance- 
ment of Science. 


H. V. Putman (A’23, M’32) recently 
transferred to East Pittsburgh, Pa., as man- 
ager of the switchgear engineering depart- 
ment of the Westinghouse Electric and 
Manufacturing Company, has returned to 
Sharon, Pa., as manager of the transformer 
engineering department. 


H. J. Caanon (A 733) highway-lighting 
engineer, General Electric Company, Cleve- 
land, Ohio, recently was chosen to receive 
one of the Charles A. Coffin Foundation 
awards for 1935. This recognition was 
given for his development of a new incan- 
descent-lamp highway-lighting system. 


V. A. Sueats (A ’35) district wire and 
cable specialist, General Electric Company, 
New York, N. Y., recently was cited for a 
Charles A. Coffin Foundation award for 
1935, in recognition of meritorious service 
in the design, development, and application 
of oil filled cable. 


E. W. RockweE vt (A’21) electrical engi- 
neer, Metropolitan Water District of South- 
ern California, Los Angeles, has been 
elected an officer of the Los Angeles Engi- 
neers’ Club. 


H. W. Crozier (A’03, M’12) consulting 
engineer, San Francisco, Calif., has received 
an appointment as project engineer of Lin- 
coln County, district number one, with 
headquarters at Pioche, Nev. 


Mr. Crozier | 


is a past-chairman of the San Francisco Sec- | 


tion of the Institute. 


CLARENCE TatsMa (A ’27) field engineer, 
General Electric Company, Omaha, Nebr., 
recently was selected to receive a Charles 
A. Coffin award for 1935 “‘in recognition of 
assistance rendered a public utility in re- 
storing electric service after a severe flood.” 


P. M. Ross (A’34), formerly in the com- | 


mercial engineering department of the 
Frigidaire Corporation, Dayton, Ohio, is 
now laboratory engineer for the insulator 
division of the Ohio Brass Company at 
Barberton. 


D. S. ANDERSON (A’01) dean of the engi- 
neering school and acting president of Tu- 
lane University has been elected an honor- 
ary member of the Louisiana Engineering 
Society. He is a past-president of that 
society. 


J. A. OstERLUND (A’35) formerly with the 
sales department, International Business 
Machines Corporation, New York, N. Y., 
is now employed by A. E. Lee and Sons 
Company, San Juan, Puerto Rico. 


C. N. Rice (A’28, M’36) has joined the 
staff of the Northern States Power Company 
at Eau Claire, Wis. Mr. Rice formerly was 
valuation engineer for Byllesby Manage- 
ment Corporation. 


L. G. Gar (M’38) former chief electrical 
engineer, James Wilkinson and Company, 
Boston, Mass., is now sales engineer for the 
National Electric Products Corporation, 
with offices at Boston. 


C. E. Plummer (A’33) formerly superin- 
tendent of electrical distribution for the 
Turlock (Calif.) Irrigation District, is now 
electrical engineer for the Modesto (Calif.) 
Irrigation District. 


P. T. Firman (A’32) formerly employed 
by the Pennsylvania Power and Light Com- 
pany, Warwick has been transferred to 
Mount Carmel in the generation department 
of that company. 


D. A. FLEMING (A’35) who has been plant 
electrician, Oklahoma Gas and Electric 
Company, Harrah, is now chief electrical 
operator of the Ponca City branch of that 
company. 


C. D. Sasscer (A’27) formerly design 
engineer for the General Electric Company, 
Schenectady, N. Y., is now employed by the 
United States Engineer’s Office, Quoddy, Me. 


L. A. Wuitsit (M’19) who has been em- 
ployed by the U.S. Engineer’s Office, East- 
port, Me., is now with the Phoenix Utility 
Company, New York, N. Y. 


JoHN Barrp (A’35) formerly assistant 
machinist, U.S. Fuel Company, Hiawatha, 
Utah, is now employed by the United States 
Bureau of Reclamation, Denver, Colo. 


J. E. Dyer (A’30) who has been employed 
by the Sun Oil Company at Longview, 
Texas, has been transferred to the Dallas 
offices of that company. 
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F. L. Bary (A’22, M’27) vice president, 
Charles H. Tenney and Company, Boston, 
Mass., recently was elected president of the 
New England Gas Association. 


F. B. Mencer (A’34) who has been 
employed by the General Electric Company 
at Schenectady, N. Y., is now with the Arm- 
strong Cork Company, Lancaster, Pa. 


C. V. IrtsH (A’32) is now electrical design 
engineer with the Electro Dynamic Com- 
pany branch of the Electric Boat Company, 
at Bayonne, N. J. 


J. A. Davis (A’30) former manager, Ash- 
land district, Virginia Electric and Power 
Company, has been transferred to the Rich- 
mond offices of that company. 


C. D. LaMoree (A’25) manufacturer’s 
agent, Los Angeles, Calif., has been elected 
an officer of the Los Angeles Engineers’ 
Club. 


J. F. Mursacu (A’35) has accepted a po- 
sition as research assistant for the Manu- 
facturers Association, Inc., New York, N. Y. 


Obiuary 


Epwarp A. QuiINN (M’15) former general 
superintendent, San Joaquin Light and 
Power Corporation, Fresno, Calif., died 
February 4, 1986. Mr. Quinn was born at 
Montreal, Canada, July 8, 1876. He at- 

~ tended St. Mary’s College, Montreal, and 
Lewis College, Point Lewis, Quebec. In 
1893 he entered the meter department of the 
Chicago (Ill.) Edison Company, and during 
1894 he was employed by the Edison Light 
and Power Company, San Francisco, Calif. 
He was chief engineer of a small water 
works and generating plant at Santa Clara, 
Calif., from 1895 until he entered the employ 
of the Standard Electric Company of Cali- 
fornia in 1900. He assisted in the construc- 
tion of the transmission system of that com- 
pany, and later, in 1902, was made division 
superintendent. In 1904 Mr. Quinn be- 
came associated with the sales department 
of the Westinghhouse Electric and Manu- 
facturing Company, San Francisco, and in 
1907 he became general superintendent of 
the Nevada-California Power Company, 
Goldfield, Nev. He resigned from that 
position in 1909 to become sales engineer 
for the Allis-Chalmers Company, San 
Francisco. In 1914 he accepted the posi- 
tion of general superintendent of the San 
Joaquin Light and Power Corporation, and 
served in that capacity continuously until 
he retired in 1934. 


KENNETH LIVERMORE CurTIS (A’05) con- 
sulting engineer, New York, N. Y., died 
February 18, 1936. Mr. Curtis was born 
at Augusta, Me., April 17, 1877, and re- 
ceived the degree of bachelor of science in 
electrical engineering at the University of 
Colorado in 1901. During the period 1901— 
03 he was employed in the testing depart- 
ment of the General Electric Company, 
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Schenectady, N. Y. He became instructor 
in electrical engineering at Stanford Uni- 
versity in 1903, and assistant professor of 
electrical engineering in 1906. In 1909 he 
established his own consulting practice in 
New York, and in the same year became 
chief engineer for the A. and J. M. Anderson 
Manufacturing Company, Boston, Mass. 
Mr. Curtis devoted much time to the de- 
velopment of control equipment, and was 
the designer of the steering gear systems of 
several naval ships. 


HARRISON G. Foran (A’23) assistant 
superintendent of distribution, New York 
and Queens Electric Light and Power Com- 
pany, Flushing, N. Y., died June 29, 1935, 
according to word just received at Institute 
headquarters. Mr. Folan was born No- 
vember 17, 1879, at Brooklyn, N. Y. A 
large part of his professional career was 
spent in transmission and distribution work, 
and his association with the New York and 
Queens Electric Light and Power Company 
began in 1913. 


FRANCIS ROSEINGRAVE Harvey (A’21) 
engineer and manager, Wairere Electric 
Power Board, Pio, Pio, New Zealand, was 
killed by electric shock January 9, 1936, ac- 
cording to information recently received at 
Institute headquarters. Mr. Harvey was 
born at Brighton, England, November 9, 
1884. He attended Holmwood College and 
Rochester Technical Institute in England, 
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and later (1915) the Wellington (N. Z.) 
Technical School. After a 5 years’ appren- 
ticeship with the engineering firm of Aveling 
and Porter at Rochester, he entered the serv- 
ice of the Bexhill Municipal Electricity 
Department, where he served as accountant 
and as assistant engineer. In 1914, after 
a year as engineer for the New Zealand 
Shipping Company, he settled in New Zea- 
land and became identified with some of the 
important electrical systems in that coun- 
try. 


KENNETH BurR JONES (A’16) vice presi- 
dent, Fruit-to-Lip Machine Company, Inc., 
New York, N. Y., died February 18, 1936. 
Mr. Jones was born July 14, 1893, at 
Brooklyn, N. Y., and graduated in 1916 
from the Sheffield Scientific School of Yale 
University with the degree of bachelor of 
philosophy. Prior to his association with the 
Fruit-to-Lip Machine Company he was dis- 
trict manager for the C. H. Cowdrey Ma- 
chine Works, New York. 


GrorGE W. OLIverR (A’35) substation in- 
spector, Arkansas Power and Light Com- 
pany, Pine Bluff, was killed instantly by 
electric shock January 7, 1936, according to 
information recently received at Institute 
headquarters. Mr. Oliver was born at 
Crewe, Va., December 27, 1897, and en- 
tered the employ of the Arkansas Power 
and Light Company in 1920. His service 
with that company was uninterrupted. 


Recommended 
for Transfer 


The board of examiners, at its meeting on March 
25, 1936, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Juhnke, P. B., chief load dispatcher, Common- 
wealth Edison Co., Chicago, Ill. 

Lamar, R. W., V. P., and gen. mgr., Tennessee 
Public Service Co., Knoxville. 

Tappan, F. G., prof. of E.E., acting dean, Coll. of 
Engg., Univ. of Oklahoma, Norman. 

Wellwood, A. R., director, Electric Rate Survey 
Federal Pwr. Comm., Washington, D. C. 


4 to Grade of Fellow 


To Grade of Member 

Bair, R. S., member of technical staff, Bell Tel. 
Labs., Inc., New York. 

Beyer, J. W., member of technical staff, Bell Tel. 
Labs., Inc.. New York. 

Chesnut, R. W., telephone development engr., 
Bell Tel. Labs., Inc., New York. 


Crane, R. E., member of technical staff (supervisor) 


Bell Tel. Labs., Inc., New York. 

Egli, John, asst. supt., Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 

Falkenstein, L. F., junior engr., N. Y. Edison Co., 
Inc., New York. 

Fleshiem, R. S., mgr., elec. dept., Allis-Chalmers 
Mfg. Co., Milwaukee, Wis. 

Flodin, C. R., Jr., division engr., Brooklyn Edison 
Co., Inc., Brooklyn, N. Y. 

Grumbly, W. T., division engr., system engg. dept., 
N. Y. Edison Co., Inc., New York. 

Harty, E. A., designing engr., Gen. Elec. Co., Lynn, 
Mass. 

Kane, P. H., asst. supervisor, Brooklyn Edison 
Co., Inc., Brooklyn, N. Y. 

Leinbach, A. R., power supply engr., N. Y. State 
Elec. & Gas Corp., Binghamton, N. Y. 


Loveless, C. A., elec. sales engr., C. B. Fall Co., St. 
Louis, Mo. 

Mayer, V. W., E.E., U.S. Navy Dept., c/o Federal 
SB: & D. D: Co.;. Kearny, Ni J. 

McKeen, W. J., engr., inside construction, City 
Lt. Dept., Seattle, Wash. 

Middleton, L. H., executive chief engr., The Electric 
Autolite Co., Toledo, O 

Neuman, J. J., chief elec. and research engr., Natl. 
Sugar Refining Co., Long Island City, N. Y. 

Rosenberg, L. T., elec. machine designer, Allis- 
Chalmers Mfg. Co., Milwaukee, Wis. 

Schonvizner, M. S., instructor in E.E., Carnegie 
Inst. of Tech., Pittsburgh, Pa. 

Stanton, G. B., supervisor, Standards Section, Re- 
search Bureau, Brooklyn Edison Co., Ine., 
Brooklyn, N. Y. 

Starr, E. W., asst. prof. of E.E., Cooper Union, 
New York. 

Stratton, R. deF., substation supt., chief elec. 
engrs. branch, Dept. of Road Transport and 
Tramways, Sidney, N. S. W., Australia. 

Waring, M. L., junior engr., System Planning 
Bureau, N. Y. Edison Co., Inc., New York. 


23 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before April 30, 1936, or June 30, 
1936, if the applicant resides outside of the United 
States or Canada. 


Abt, C. F., New York Edison Co., Inc., N. Y. 

AJlen, L. W., Okonite Co., New York, N. Y. 

Andrews, D. LeR., Idaho Pwr. Co., Boise. : 

Andridge, F. O., Graybar Elec. Co., Knoxville, 
Tenn. 
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Armstrong, C. V., Ingersoll Rand Co., New York, 

Nove 

Armstrong, J. H., Williamsburg Pwr, Plant Corp. 
Brooklyn, N. Y. 

Ashla, N. (Member), Westinghouse Elec. & Mfg. 
Co., Seattle, Wash. 

Bailey, R. E., 1466 N. Willow St., Lake Forest, Ill. 

Baireuther, E. J., 6733 W. Lloyd St., Wauwatosa, 
Wis. 

Banic, J. M., Operadio Sound Equipment Co., 
Schiller Pk., Ill. 

Banke) G:, “Jr.; 
Oklahoma City. ; 

Barbier, W. H., Philco Radio & Television Corp., 
Philadelphia, Pa. 

Bardsley, R. V., 141-145 
sockett, FR... ; 

Barnard, E. H., Oilgear Co., Milwaukee, Wis. 

Barr, W. G. A., Cemco Elec. Mfg. Co., star, 
Vancouver, B. C., Can. x 

Barrett, E. J., Don Pedro Dam, La Grange, Calif. 

Barry, J. C., Jr., Tennessee Pub. Serv. Co., Knox- 
ville. 

Barth, E G., 516 Climax St., Pittsburgh, Pa. 

Bartlett, J. T. (Member), Loeb & Shaw Inc., New 
York, N. Y. 

Bell, J., B. C. Elec. Ry. Co., Ruskin, B. C., Can. 

Bell, L.S., Gen. Elec. Co., Schenectady, N. Y. 

Bellows, B. C. (Member), Bell Tel. Labs. 
New York, N. Y. 

Bennett, G. H., Durham Pub. Serv. Co., N. C. 

Benson, E. A, A.C. M. Co., Anaconda, Mont. 

Beren, H. E., 2409 Park Row, Dallas, Texas. 

Berman, S , Independent System, New York, N. Y. 

Berti, R. J., Am. Dist. Tel. Co., Omaha, Neb. 

Best, R. L., Monsanto Chem. Co., St. Louis, Mo. 

Bialkin, B. L., 763 Home St., New York, N. Y. , 

Billica, H. J., Indiana Steel & Wire Co., Muncie, 


Oklahoma Theatre Supply, 


Railroad St., Woon- 


Inc., 


Ind. 

Bishop, C. F., Philadelphia Elec. Co., Pa. 

Blackburn, J. l.., Westinghouse Elec. & Mfg. Co., E. 
Pittsburgh, Pa. 

Bobrove, L., 6129 Delafield Ave., Riverdale, N. Y. 

Boskamp, J. B., U.S. Army Motion Picture Serv., 
St. Louis, Mo. 

Bourassa, W. O., Red River Pwr. Co., Grand Forks, 
N: D 


Bovenzi, A. L., Warren Bigelow Elec. Co., Wor- 
cester, Mass. 

Bowlus, O. E., Emerson Elec. Mfg. Co., St. Louis, 
Mo. 

Boytano, C. R., 274 Parkway, Chelsea, Mass. 

Bradley, R. O., Whitehouse, Ohio. 

Brar,S.S., Fresno State Coll., Clovis, Calif. 

Briganti, C. L., % G. P. Bender, New York, N. Y. 

Brock, P. J., Everhot Heater Co., Detroit, Mich. 


Brooks, F. A., Bell Tel. Lab., Inc., New York, 
ING Ys 
Brown, J. R., Hume & Rumble, Ltd., Vancouver, 
BG. Can: 
Buckius, O. E., Colgate, Palmolive, Peet Co., Berke- 
' ley, Calif. 


Buckley, J. P., 2 Mott St., Worcester, Mass. 

Buggy, R. V., Phileo Radio Co., Philadelphia, Pa. 
ae x G., Allis-Chalmers Mfg. Co., Rochester, 
Campbell, A. S., Hotel St. Ceorge, Brooklyn, N. Y. 
Capello, V. P., Whitney Mfg. Co., Hartford, Conn, 
Carpet, W. P., Gen. Elec. Co., Schenectady, 


Carter, I. R., Parkersburg Rig & Reel Co., Chase, 
Kans. 

Carter, S. P., Nellis Coal Corp., W. Va. 

Cervenka, F. J., Univ. of North Dakota, University 
Station, 

Chamberlin, E. C., Fire Dept. New York, St. 
George, S. I., N. Y. 

Chase, C. S., Rochester Telephone Corp., N. Y. 

Clark, G. D. (Member), Gen. Motors, Warren, O. 

Clayton, J. P. (Fellow), Commonwea!th Edison Co., 
Chicago, III. 

Cohen, I. W., 1602 W. 10th St., Brooklyn, N. Y. 

Colon, E. R., New York Edison Co., Inc., N. Y. 

Como, C., Brooklyn Edison Co., N. Y. 

Compton, R. D., Natl. Broadcasting Co., New 
York, N.Y. 

Conner, W. B., Lyndonville, Vt. 

Constantine, P. M., 17 Liberty St., W. H., New- 
burgh, N. Y. 

Secret, W. E., Saguenay Pwr. Co., Ltd., Arvida, 


7QO.Can. 
Cox, W. W. Jr., Utah Pwr. & Lt. Co., Salt Lake 


City. 

eanircs, J. W., Tennessee Pub. Serv. Co., Knox- 
ville. 

Creasy, R. V., Newport News Shipbldg. & Drydock 
Co., Va 


D’Alessandro, A., Earth Testing Lab., ULSsBERS 
Lovelock, Nev. 


Dameron, E. C. (Member), Durham Pub. Serv. 


Comene Cc: 
ms L. B., Los Angeles Gas & Elec. Corp., 
alif. 
David, A. L., Gulf States Utilities Co., Navasota, 
Texas. 


David, LeR., Pure Oil Co., Tulsa, Okla. 
Decker, C. M., 245 Maple Pl., Minneola, N. Y. 
pare L. J., Sperry Products Inc., Brooklyn, 


DeSellem, G. W. (Member), Westinghous 
Mfg. Co., Seattle, Wash. : Sk pe 
Dillman, C. LeR., Box 955, Burns, Ore. 
Dolnick, A., 1222 Gilsey Ave., Cincinnati, Ohio. 
Dunlap, L. J., Westinghouse Elec. & Mfg. Co 
Chicago, III. Z 
Dyer, C. E., Midland Counties Pub. Serv. Corp 
Santa Maria, Calif. NM 
Eckardt, W. C. Jr., Abrasive Co, Philadelphia, Pa 
Ego, R. W., Lisbon, N. D. oO 
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Ehrich, H. E., Bell Tel. Labs. Inc., New York, 
Nox 

Ekstrand, S. O., Bell Tel. Labs., Inc., New York, 
Nae 


Elderkin, R. A., Leland Elec. Co., Canada Ltd., 
Toronto, Ont., Can. 

Eng, W. Bi, 831 So. 
Okla. } 

Ernst, M. L., Detroit Edison Co., Mich, 

Evans, J. C., Wagner Elec. Corp., St. Louis, Mo. 

Everson, J. K., 417 Spring Ave., Sioux Falls, Hae BB 

Ewalt, G. L., Jr., Cons. Gas Elec. Lt, & Pwr. Co., 
Baltimore, Md. 

Fairly, R. F., Southwestern Associated Tel. Co., 
Lubbock, Texas. 

Fanley, E. J., 148 E. State St., Columbus, O. 

Farison, H. C., 528 N. College, Fayetteville, Ark. 

Fekete, R., Gen. Elec. Co., Bridgeport, Conn. 

Fellner, H. G., 1309 Lebanon Ave., Belleville, Ill. 

Finneburgh, L. H., Jr., 12053 Lake Ave., Cleveland, 


Rogers Ave., Okmulgee, 


hio. 

Fish, D. B., Golden State Co. Ltd., San Francisco, 
Calif. 

Fish, M. R., Pacific Tel. & Tel. Co., Tacoma, Wash. 

Fleischer, H. E., New York Tel. Co., N. Y. 

Foster, L. W., Gen. Elec. Co., Pittsfield, Mass. 

Frank, L. C. (Member), Continental Motors Corp. 
Muskegon, Mich. 

Franke, H. C., Bell Tel. Lab. Inc., New York, N. Y. 

Gallaher, B. M., Tennessee Public Serv. Co., 
Knoxville. 

Gartin, J. W., John A. Manning Paper Co., Troy, 
IN Ys 


Gaylord, S B., Western Pub. Serv. Co., Oshkosh, 
Neb. 


Glasser, J., F. W. Sickles Co., Springfield, Mass. 

Glentzer, K. V., Illinois Bell Tel. Co., Chicago. 

Gould, K. E., Bell Tel. Lab., Inc., New York, N. Y. 

Graham, C. H., Tennessee Valley Authority Knox- 
ville. 

Grassmann, W. J., New York Tel. Co., N. Y. 

Gray, J. W., Univ. of Washington, Seattle. 

Grew, L. B. (Member), So. New England Tel. Co., 
New Haven, Conn. 

Groendyke, A., RCA Victor Co., Camden, N. J. 

Guignon, J. E., Wagner Elec. Corp., St. Louis, Mo. 

Hackett, C. S., Gen. Elec. Co., Schenectady, N. Y. 

Hall, W. E., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Harper, R. L., Allen Bradley Co., Milwaukee, Wis. 

Harper, S., 81 West 134 St., New York, N. Y. 

Harrison, W. (Fellow), Gen. Elec. Co., Cleveland, 
Ohio. 

Hayden, V. H., Gibson Elec. Co., Pittsburgh, Pa. 

Hermans, C. E., Reed & Prince Mfg. Co., Wor- 
cester, Mass 

Hernick, P. W., Crown, Cork & Seal Co., Baltimore, 
Md 


Hertner, G. DeW., Hertner Elec. Co., Cleveland, 
Ohio. 

Higdon, T. L., Federal Warehouse Washington, 
DEG 


Higgins. L F., Illinois Bell Tel. Co., Chicago. 

Higley, J. B., 311—5th St., Calexico, Calif. 

Hitchcock, C. H., Allen Bradley Co., Milwaukee, 
Wis. 

Hobley, H. R. B., Ford Motor Co., Dearborn, 
Mich. 

Hobson, J. E., Earlham Coll., Richmond, Ind. 

Hodkins, H. B., Westinghouse Elec. & Mfg. Co., 
Spokane, Wash. 

Holmes, J. A.,714S. E. 35 Ave., Portland, Ore. 

Hopkins, E. J., RCA Radiotron Inc., Harrison, 
N 


ay: 

Howard, I. T., P.O. Box 152, Wanchese, N. C. 

Howell, R. L. (Member), J. D. Lanham Co., Green- 
wood, Miss. 

Howes, J. T., 400 N. 11 St., Clinton, Iowa. 

Hubbard, C. LaM., Houston Ltg. & Pwr. Co., 
Texas. 

Hubler, N. W., Victor RCA., Camden, N. J. 

James, W. G. (Member), Westinghouse Elec. & 
Mfg. Co., Sharon, Pa. 

Tohsson, J. A., Jr., N. Y. Pwr. & Lt. Corp., Albany, 

WA 


Johnson, J. S., Weston Elec. Instrument Corp., 
Newark, N. J. 

Johnson, W. E., Turlock Irrigation Dist., Calif. 

Jones, W. L., Standard Oil Co., Sugar Creek, Mo. 

Juckett, W. B., Metropolitan Water Dist. of So. 
Calif., Berdoo, Calif. 

Kannenberg, W. F. (Member), Bell Tel. Lab. Inc. 
New York, N. Y. 

Kaylor, R. L. (Member), Bell Tel. Lab. Inc., New 
Vork- Nee 

Kirkman, K., Baltimore Gas & Elec. Co., Md. 

Kohlerman, F. L., Jr., Locke Insulator Corp., 
Baltimore, Md. 

Kohiroser, V., Iron, Minn. 

Kurtz, J. R., Elec. Serv. Supplies, Philadelphia, Pa. 

eee A., Ray Oil Burner Co.; San Francisco, 

alif. 

Lackland, R. E. (Member), Am. Tel. & Tel. Co., 
New York, N. Y. 

re ee E. G., Pacific Gas & Elec. Co., Oakland, 

alif. 
Pevpeice W. W., Am. Tel. & Tel. Co., New York, 


Leahy, w. J., Jr., 58 Haigh Ave., Schenectady 


Lear, W. H. (Member), Am. Tel. & Tel. Co., New 
York): N.Y, 


Ticen dro) J., Specialty Serv. Corp., Brooklyn, 


Lockrow, L. L., Bell Tel. Lab. Inc., New York, 
Madsen, H. C., Phileo Radio & Television Corp., 


Philadelphia, Pa. 
Magnell, A. A., Brooklyn Edison Co., N. Y. 


Mahoney, J. A. (Member), Bell Tel. Lab., Inc., 
New York, N. Y. 

Manheimer, D. I., 302 Marine Ave., Brooklyn, 
N. Y 


Mars, N., 1351 N. Tuxedo St., Indianapolis, Ind. 

Martin, R. P., Jr. (Member), Bell Tel. Labs. Inc., 
New York, N. Y. 

Mau, W. R. H., Jr., Houston Armature Works, No. 


4, Texas. 

McCoin, B. H., Tennessee Pub. Serv. Co,, Knox- 
ville. 

McEver, R. W., Tennessee Pub. Serv. Co., Knox- 
ville. 


McGeachie, J. B., 27 Willcocks St., Toronto, Ont., 


Can. 

McGill, T. A., Mid-West Dynamometer & Engg. 
Co., Chicago, IIl. 

McKibben, G. M., Black Butte Rt., Cottage Grove, 


Ore. 

McLaughlin, H. R., Remler Radio Co., San Fran- 
cisco, Calif. 

McMenamin, J. C., Jr., Gen. Elec. Co., West Lynn, 


Mass. 4 : 
McNeal, J. D. W., Maryland Amplifier Co., Balti- 


more. 

McNutt, W. K., 424 Hubert Ave., Springfield, Ohio. 

Messina, J., 20 Squire Rd., Revere, Mass. 

Meyer, W. W., Honold LePage Inc., Sheboygan, 
Wis. 

Miller, H. C., Jr., Cons. Gas & Elec. Co., Baltimore, 
Md 


Miller, R. H., Underwood Elliott Fisher Co., Hart- 
ford, Conn. \ 

Milusich, A. A., N. Y. Steam Corp., New York, 
N 


ce 
Mohler, V. E., 30 N. Angelus, Memphis, Tenn. 
Moravek, J. L., Crown Cork & Seal Co., Baltimore, 
Md. 


Morris, W. D., Louisiana State Univ., Baton Rouge. 
Morrisey, J. W., 429 N. Spring Ave., La Grange, 
Ill 


Mulborn, A. W:, U.S. Dept. of Labor, San Fran- 
cisco, Calif. 

Munro, D. L., Wheeler Reflector Co., 
Mass. 

Munroe, D. J., Liberty Mutual Insurance Co., 
Chicago, Ill. 

Napolitano, A., Box 244, White River Junction, Vt. 

Nelson, W. W., Electrical Equipment Co., Inc., 
Richmond, Va. 

Nervegna, L., New York Edison Co. Inc., N. Y. 

Nickel, W. F., 106 E. 41 St., New York, N. Y. 

Nickerson, T. D., Scott Co., Oakland, Calif. 

Nielsen, C. W.,. Tungsol Radio Corp., Newark, 


Nims, Rk. L., Crocker-Wheeler Elec. Mfg. Co., 
Ampere, N. J. 

Noble, Et. T., Crosley Radio Corp., Kokomo, Ind. 

O’Brien, J. J., 1122 Union St., Alameda, Calif. 

O’Brien, M. P., Globe Wireless Ltd., San Francisco, 
Calif. 

O’Connor, W. H., Jr., Bethlehem Steel Co., Spar- 
rows Point, Md. 

O’Fiel, J. C. D., Jr., 1214 Chartres St., Houston, 


Boston, 


Texas. 

Oliver, F. S., Doble Engg. Co., Medford Hillside, 
Mass. : 
Opdenweyer, A. E., Portland Gen. Elec. Co., Hills- 

boro, Ore. 


Osis, J. F., Michigan Bell Tel. Co., Detroit. 

Otteson, W. I., Giobs & Hill, New York, N. Y. 

Overmiller, C. M. (Member), Am. Tel. & Tel. Co., 

New York, N. Y. 

Owen, H. E., Technical High School, Buffalo, N. Y. 

Palm, J. F., 1413 Neva Rd., Antigo, Wis. 

Pascher, J. J., Gen. Elec. Co., New York, N. Y. 

Pearson, S. J., Portland Gen. Elec. Co., Ore. 

Peeples, E. E., Florida Pwr. & Lt. Co., West Palm 
Beach. 

Berle: R., Jr., Gen. Elec. Co., Schenectady, 
N 


Petersen, ‘H. O., Federal Shipbldg. & Drydock Co., 
Kearney, N. J. 

Petrasek, W. A., Diehl Mfg. Co., Elizabethport, 
N 


Bye 
Pfeiffer, F. R., Tung Sol Lamp Works, Newark, 
N 


Pale 

Pilch, E., Emerson Radio & Television Corp., New 
Work, INI; 

Pilione, S. E., N. J. Bell Tel. Co., Newark, N. J. 

Piranian, E. V., O’Connor & Firanian Engg. & 
Contracting Co., Philadelphia, Pa. 

Plummer, R. W., Norwood, N. Y. 

Press, M. M., 3244 Polk St., Chicago, Ill. 

Priday, G. L., Gen. Elec. Co., Cleveland, O. 

Brace. F. C., Tennessee Pub. Serv. Co., Knox- 
ville. 

Princi, M. A., Gen. Elec. Co., West Lynn, Mass. 

Pritchard, G., New York Edison Co., Inc., New 
York. 

Profitt, A. H., Tennessee Pub. Serv. Co., Knoxville. 

ne sa S., Jr., Gen. Elec. Co., Schenectady, 


Rader, ie iA Canadian Gen. Elec. Co., Vancouver, 


Bice, Cant 
Ramsay, J. E., Geophysical Service Inc., Dallas, 
Texas. 


Ratica, P. P., Bureau of Water, City of Pittsburgh, 
Pa. 
Rehwald, E. A., John Deere Tractor Co., Waterloo, ~ 


Iowa. 

Reilly, F. W. (Member), G. & N. Engg. Co., Boston, 

ass. 

Riefle, J. H., Jr., Cons. Gas Elec. Lt. & Pwr. Co., 
Baltimore, Md. 

Rile, J. C., Bell Tel. Labs. Inc., New York, N. Y. 

Rittenhouse, J. F., Carlile & Doughty Inc., Con- 
shohocken, Pa. 

Robey, H. D., Robey Mfg. Co., E. Lansing, Mich. 


ELECTRICAL ENGINEERING 


Robinson, A. W., Jr., 
Greensboro, N. C. 
erie, E. H., Greenfield Center, Saratoga Co., 


Southern Elec. Serv. Co., 


Bee J. R. (Member), Terre Haute Paper Co., 


Rutter, c.M. , Jr., Newport News Shipbldg. & Dry 
Dock Go, Va. 

Ryder, A. J., No. 294, Sag Harbor, N. Y. 

Saile, O. W., Gen. Elec. Co., Schenectady, N. Y. 

Schechtman, J. M., Los Angeles Bureau of Pwr. & 
Lt, Calg: 

Schwartz, S., Philco Radio & Tel. 
delphia, Pa. 

Sedlacek, W. C., Collins Radio Co., 
lowa. 

powell. 213) C., 617—21st St., N. W., Washington, 


Corp., Phila- 


Cedar Rapids, 


Sieckiord, C. C., John A. Roebling’s Sons Co., 
Trenton, N. iy. 
Shaker, L. IN, Darcey Transportation Co., Water- 


bury, Conn. 
Shrader, L. C., Sr., Duncan Elec. Co., Lafayette, 
Ind. 


Siegelin, W. G., State Line Gen. Corp., Hammond, 
Ind. 


Simmerer, E. R., Northwest Baker Ice Machine 
Cox Seattle, ‘Wash. 

Sivells, The Cc. Washington Univ., St. Louis, Mo. 

Skok, S., Jr., 2470 E. 21st St., Brooklyn, N. Y. 

Smith, R. H. (Member), Reliance Elec. & Engr. 
Co., Cleveland, Ohio. 

Smith, S. By Bd: ‘of Transportation, New York, 
N. 


Sohnle, é. F., Bell Tel. Co., Inc., New York, N. Y. 
Soley, W.A. Jr., Gen. Elec. Cor Bridgeport, Conn. 
Speakman, 1G. 1, Gulf Refining Co. Berwyn, Pa. 
Spellman, F. C., 432 Prospect PI., Brooklyn, N. Y. 
Spohn, G. A., Gen. Machinery Corp., Hamilton, 


io. 
Sprole, R. R., Cornell Univ., Ithaca, N. Y. 
Sprowls, P. H., Gulf Refining Co., Louisville, Ky. 


Spruill, S. O., Tenn. Valley Authority, Florence, 
Ala, 
Staller, J. R., Works Progress Administration, 


Schuylkill Haven, Pa. 
Stancliff, G. L., Jr., Goodyear Tire & Rubber Co., 
Los Angeles, Calif. 
Stanself, F. R., Bell Tel. 

N 


Labs. Inc., Whippany, 


aailfe 
Stoelting, H. O., Mission House Coll., Plymouth, 
Wis. 
Stoner, S. C., 318—2I1st Ave., Altoona, Pa. 
Stover, A. R., Kelvinator Corp., Chicago, III. 
Street, H. V., Fla. Pwr. & Lt. Co., Miami, Fla. 
Strickland, ae J Jr. (Member), Durham Pub. Serv. 
3: N. 
Tavidian, E. & W. Sickles Co., Springfield, Mass. 
Testa, A., 326 Erin St.; Vineland, N. J. 
Thornton, jeRS Continental Can Co., San Jose, 
Calif. 
Tietze, M. W., Harnischfeger Corp., Milwaukee, 
Wis. 
Tomey, L. R., Emerson Elec. Mfg. Co., St. Louis, 


Mo. 

Toomey, R. E., Carnegie Ill. Steel Corp., Home- 
stead, Pa. 

Towne, R. M., 2101 North Fife St., Tacoma, Wash. 

Townes, W. A., 98 Kendall St., Boston, Mass. _ 

Townley, J. G., Works Progress Administration, 
Ronceverte, W. Va. 

Trembath, F., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Trice, T. W., Cons. Gas Elec. Lt. & Pwr. Co., 
Baltimore, Md. 

Trifari, F. R., 2929 W. 16th St., Brooklyn, N. Y. 

Troyak, G. E., Gen. Elec. Co., Schenectady, N. Y. 

Tuite, J. M., Revere Copper & Brass Inc., Rome, 
INIAYS 


Umphrey, D. M., Route No. 1, Eugene, Ore. 

Vardon, E. C., Weston Elec. Instrument Co., 
Newark, N. J. 

Vavra, S., Lankin, N. D. 

Walkonen, T. K., Brooklyn Edison Co., Inc., N. Y. 

Wallace, J. D., Topeka & Santa Fe Railway Co., 


Kansas. 

Wallace, S. J., American Can Co., Vancouver, 
B. C., Can, 

Wallis, D. E., New York Tel. Co., Mt. Vernon, 
N. Y 


Walsh, F. R., 273 Etna St., Brooklyn, N. Y. 

Walstra, W. G., Idaho Pwr. Co., Boise. 

Ware, H. S., Kelly-Koett Mfg. Co., Covington, Ky. 

Warner, C. W., Cutler Hammer Inc., Milwaukee, 
Wis. 

Watkins, W. W., Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 

Weber, L. J., Muzak Corp. of Ohio, Lakewood, O. 

Welch, A. U., Jr., Gen. Elec. Co., Pittsfield, Mass. 

Wellauer, E. J., Falk Corp., Milwaukee, Wis. 

West, R. J., Burlec Ltd., Toronto, Ont., Can. 

White, C. F., 3026 Belmont Ave., Fresno, Calif. 

Whitney, G. W., Stamford Gas & Elec. Co., Conn. 

Whittington, J. W., Electrical Testing Labs., 
New York, N. Y. 

Wit, S., RCA Mfg. Co., Inc., Camden, N. J. 

Woo, A. S., Allis-Chalmers Mfg. Co., Milwaukee, 
Wis. 

Mieod: F. (Member), 415 Ralph St., Elmira, 

Wood, J. A. (Member), Am. Tel. & Tel. Co., New 
York, N. Y. 

Yeranian, S., RCA Mfg. Co., Allston, Mass. 

Zuske, H. J., "Leece Neville Co., Cleveland, Ohio. 
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US.S.R 
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Leal, A. H., Rio de Janeiro Tramay, Brazil. 

Avan, V. A. (Member), Box 735, Balboa, Canal 
one. 

Mongon, J. E., General Electrica Espanola, S.A., 
Bilbao, Spain. 

Rodriquez, A. F., Cia de Tranvias Luz y Fuerza 
Montriz de Monterrey, Mexico. 


Sanchez, H. M., 12 de Diegos Ave., Santurce, 
Paks 

Satoh, I., Ministry of Communications, Tokio, 
Japan. 


Sitarma, M. R., c/o M. RamaRao, 
Mysore, India. 

Sprenger, H., China Scientific Instrument Co., 
Shanghai, China. 

Stoner, E. C., Jr. (Member), Cia Peruana de Tele- 
fonos Ltd., Lima, Peru. 

Young, A. H., Shanghai Pwr. Co., China. 


“Bloomfield’”’ 


11 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute rec- 
ord. Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Basinger, C. B., 749 Madison Ave., York, Pa. 
Beaumont, L., Box 404, Shanghai, China. 


Blane, Victor, 153 Boulevard Lefebvre, Paris, 
France. 

Daeley, Richard L., 1475 Pacific St., St. Paul, 
Minn. 

DeKeyser, Jacques F., 37-53—78th St., Jackson 


Heights, N. Y. 

Huang, Pienchun, Schillerstr 57, Berlin, Germany. 

Johnson, James W., 3506—16th St., N. W., Wash- 
ington, D. C. 

Jones, Robert W., 565 Thompson Ave., Donora, 
Pa. 

Meltvedt, Henry, 742 S. Douglas, Springfield, Mo. 

Miyamoto, Tatsuo Charles, 517 M St., Sacramento, 
Calif. 

Murray, Forrest H., 5530 Dorchester Ave., Chicago, 
Ill 


Patel, Ishvarlal B., 5 Second Carpenters St., Bom- 
bay, 4, India. 
Ritter, Edward A., 40 Lexington St., Hamden, 
onn. 
Roberts, Fred A., 1528 Locust St., St. Louis, Mo. 


Soskin, Samuel B., 1141 S. Central Park, Chicago, 
I 


1. 
Williams, Thomas J. C., 827 S. 48th St., 
phia, Pa. 
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Philadel- 


omyineerinc 


Derature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


GRAPHIC COURSE of PATENTABLE IN- 


VENTIONS: By HA. Toulmin, Jry IN. Ys D: 
Van Nostrand Co., 1935. 40 p., tables, 9x6 in., 
paper, $1.00. The procedure to be followed in 


caring for a patentable invention is explained in this 
pamphlet, intricate steps being made clear by use of 
charts. 


GRAPHICAL SOLUTIONS. By C. O. Mac- 
key. N. Y., John Wiley & Sons, 1936. 130 p., 
illus., 9x6 in., cloth, $2.50. An elementary 
course in methods for the graphical and mechanical 
solutions of equations, discussing stationary ad- 
jacent scales, sliding scales, network charts, and 
alignment charts. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtdinable and an 
inquiry to the director of the library will bring 
information concerning them. 


GREAT BRITAIN. DEPT. of SCIENTIFIC 
and INDUSTRIAL RESEARCH. REPORT for 
the YEAR 1934-1935. Lond., His Majesty’s 
Stationery Office, 1935. 185 p., tables, 10x6 in., 
paper, 3s. (Obtainable from British Library of 
Information, N. Y., $0.95.) A survey of current 
research in all branches of science and industry, and 
of the latest results, to which directories of research 
organizations and lists of recent publications are 
appended. 


MANUAL of FOREIGN PATENTS. By B. 
Severance. Washington, D. C., Patent Office 
Society, 1935. 161 p., 9x6 in., paper, $1.00. 
Lists patents and patent publications issued by 
foreign governments with descriptions of their 
contents, to which a glossary of foreign patent 
terms and a price list of publications are appended. 


INDEX to A.S.T.M. STANDARDS and 
TENTATIVE STANDARDS, January 1, 1936. 
Phila., American Society for Testing Materials. 
160 p., 9x6 in., paper, free on written request. 
The standards and tentative standards of the 
society which were in effect on January 1, 1936, are 
included in this index, with reference to the publica- 
tion where they appear, and included also is a 
numerical list for locating any specification or 
method of test that has appeared. 


CROSBY-FISKE-FORSTER HANDBOOK of 
FIRE PROTECTION. 8ed. 1935. Ed. byR.S. 


Moulton; pub. and distrib. by National Fire 
Protection Association, Boston, and D. Van 
Nostrand Co., N. Y. 1154 p., illus., 7x5 in., lea., 
$4.50. A completely revised edition providing a 
comprehensive, authoritative review of accepted 
practice. 


NATIONAL ELECTRICAL CODE -HAND- 
BOOK, based on the 1935 edition of the National 
Electrical Code. By A. L. Abbott. 3ed. N. Y. 
and Lond., McGraw-Hill Book Co., 1936. 547 p., 
illus., 8x5 in., lea., $3.00. Discusses rules of the 
National Electrical Code where desirable for better 
Under st acace: and explains the practical application 
of them. 


Die PHOTOELEMENTE und IHRE AN- 
WENDUNG. Pt. 1. Entwicklung und physi- 
kalische Eigenschaften. By B. Lange. Leipzig, 
J. A. Barth, 1936. 132 p., illus., 9x6 in., paper, 
9.60 rm. The first portion of a comprehensive 
treatise upon photoelectric and photovoltaic cells 
and their uses in which the physical properties of 
eS es crystal, and electrolytic cells are set 
orth. 


SOLUBILITY of NON-ELECTROLYTES. 
(American Chemical Society Monograph Series 
No: 17). By Jo He Hildebrand) i2vede Ne ye 
Reinhold Pub. Corp., 1936. 203 p., illus., 9x6 in., 
cloth, $4.50. Outlines a consistent theory of non- 
ionic solutions helpful in practical problems, and 
brings up to date the study of the problems of 
solubility. 


A STUDY by MEANS of PHOTOGRAPHY of 
the INTERRUPTION of MEDIUM POWER 
ELECTRICAL CIRCUITS. By J. Anderson, 
Chief Engineer of George Ellison, Ltd.; printed and 
published by Allday Limited, 128-130 Edmund 
St., Birmingham 3, England, 1935. 139 p., illus., 
17x11 in. cloth, 5 guineas. Describes some of 
many thousand tests made by the author on me- 
dium power circuits, and reproduces over 3,000 
photographs for a-c and d-c ares between 20 and 
11,000 amperes at about 440 volts, with information 
about arc formations in air, oil, and water. 


STANDARD PRACTICES, published by Diesel 
Engine Manufacturers’: Association, printed and 
distributed by Diesel Publications, 192 Lexington 
Aves IN. Y., 1985, 162) p,, illus,, 9x6) in., cloth, 
$2.00. Contains the standard practices and defi- 
nitions adopted by the association, consideration 
being given also to electrical equipment. 
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Power Consumption at Ford Plant.—Elec- 
tric power used by the Ford Motor Co. in 
the Detroit area during 1935 amounted to 
658,247,947 kilowatthours, exceeding the 
1934 output by more than 145,000,000 kilo- 
watthours. Practically all of the company’s 
total usage of electricity in the Detroit area 
was generated and consumed in the Rouge 
plant. An important part of the company’s 
present program of expansion and moderni- 
zation is proceeding rapidly in No. 1 power 
house. The new installation includes a 
1400-pound pressure boiler, a 110,000-kw 
turbogenerator, and a 15,000-kw turbo- 
generator. When the installation is com- 
pleted, this will be the largest high-pressure 
steam plant in the world. Its capacity will 
be increased from about 270,000 horsepower 
to about 435,000 horsepower. 


Westinghouse Annual Report.—Orders for 
1935, according to the annual report of the 
Westinghouse Electric & Mfg. Co., totaled 
$123,629,333, compared with $106,473,226 
in 1934, an increase of 16 per cent. Sales 
billed amounted to $122,588,555 as against 
$92,158,893 in 1934, an increase of 33 per 
cent. The net earned income was $11,983,- 
380, compared with $189,562 in 1934, and is 
the highest reported in any year since 1929. 
The volume of the company’s foreign busi- 
ness in 1935, obtained through the Westing- 
house Electric International Co., showed a 
substantial increase over 1934. 


Cutler-Hammer, Inc., Appointment.—R. J. 
Eckstein has been appointed manager of the 
Cleveland office of Cutler-Hammer, Inc., of 
Milwaukee, manufacturers of electric con- 
trol apparatus. Mr. Eckstein joined the 
company 25 years ago. 


General Electric Annual Report.—The 44th 
annual report of the General Electric Co. for 
the year 1935 shows orders received of 
$217,361,587 during last year, compared 
with $183,660,303 for 1934, an increase of 18 
per cent. Sales billed amounted to $208,- 
733,433, compared with the previous year’s 
$164,797,317, an increase of 27 per cent. 
Net profit was $27,843,772, compared with 
$19,726,044 for 1934. 


Largest Gas-Cooled Generator for New 
York Edison.—The largest and among the 
first hydrogen-cooled generators to be built 
has been ordered by the New York Edison 
Co. as part of a new 50,000-kw, 85 per cent 
power factor, 13,800-volt, 3600-rpm West- 
inghouse super-position turbine generator 
unit. The turbine will be a two-cylinder 
non-condensing impulse reaction unit con- 
sisting of a high pressure element develop- 
ing 46,710 kw., at 1200 pounds—900°—209 
pounds gauge back pressure. 


Building Gains in 1936.—The construction 
industry continues to record large gains over 
the comparative levels of 1935. For Feb- 
ruary a contract total of $142,050,200, cov- 
ering all branches of construction, was re- 
ported by F. W. Dodge Corp. for the 37 
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states east of the Rocky Mountains. This 
was practically 90 per cent larger than the 
total of only $75,047,100 reported for Feb- 
ruary 1935. Partly because of the unusu- 
ally low temperatures and heavy snows the 
February contract volume was about 30 per 
cent lower than the total of $204,792,800 
registered for January of this year. Total 
construction for the first two months of 1936 
amounted to $346,843,000 as against only 
$174,821,000 for the corresponding two 
months of 1935, a gain over last year of 98 
per cent. For residential building alone the 
contract volume for the first two months of 
1936 totaled $68,615,000 or a gain of 76 per 
cent over the total of $39,027,000 for the cor- 
responding two months of 1935. 


NEMA Standards.—The National Electri- 
cal Manufacturers Association has released 
Publication 86-31, entitled ““NEMA Rub- 
ber Insulated Building Wire and Cable 
Standards, National Electrical Code Grade 
Compound.”’ This is to be followed shortly 
by publications covering 30 per cent grade 
compound and performance grade com- 
pound. This pamphlet contains the NEMA 
standards for the complete wire or cable 
which includes the conductor, insulation, 
fibrous covering, and lead sheath. Such 
items as physical properties and methods of 
test, insulation thicknesses, insulation test 
voltages, saturation of braid, etc., can be 
readily determined by referring to the 
standards in this publication. Copies of 
this’ 16-page pamphlet may be obtained 
from the National Electrical Manufacturers 
Association, 155 East 44th St., New York, 
at 25 cents per copy. 

Publication 36-34 entitled “NEMA Mag- 
net Wire Standards” is also now available. 
This publication contains the NEMA 
standards that have been developed for cot- 
ton covered, silk covered, and enameled 
round copper magnet wire. Such items as 
maximum permissible thickness of cotton or 
silk, method of making joints, ete., can 
readily be determined by referring to these 
standards. Copies are 25 cents each. 
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Time Switches.—Bulletin GEA-1427E, 8 
pp. Describes types T-17 and T-27 general- 
purpose automatic time switches. General 
Electric Co., Schenectady, N. Y. 


Capacitors.— Catalog 127, 24 pp. Describes 
capacitors for use in transmitting and in- 
dustrial fields. Cornell-Dubilier Corp., 4377 
Bronx Boulevard, New York. 


Connectors.—Bulletin 3361, 4 pp. De- 
scribes drop-on, split bolt, house service and 
unit type solderless connectors. New price 
list is included. Line Material Co., South 
Milwaukee, Wis. 


Radio-Telephone Transmitting Equipment. 
—Bulletin 309B, 12 pp. Describes radio 
telephone transmitting equipment for use by 
police departments. Western Electric Co., 
195 Broadway, New York. 


Cable Grips.—Bulletin, 4 pp. Describes 
various types of grips for pulling insulated 
wires and cables—aerial, underground, sub- 
marine, etc. Kellems Products, Inc., 100 
Lafayette St., New York. 


Artificial Rubber.—Booklet, 40 pp., “A 
Rubber Plantation in New Jersey.”” Anin- © 
teresting account of the development of 
“Thiokol,” a synthetic rubber. Applica- 
tions in the electrical field, particularly for 
cable protection, are shown. Thiokol Corp., 
Yardville, N. J. 


Lightning Arresters.—Bulletin 385, 4 pp. 
Describes the new glass body types of Crys- 
tal Valve lightning arresters for distribution 
service in all voltage ranges from 1,000 to 
15,000. Electric Service Supplies Co., 
Philadelphia, Pa. 


State Regulations for Trucks—Trailers.— 
Booklet, 54 pp., 1936 edition “Truck and 
Trailer Size and Weight Restrictions.” An 
authoritative interpretation of the rules and 
regulations of each state giving the permis- 
sible sizes and weights of trucks and trailers. 
Four Wheel Drive Auto Co., Clintonville, 
Wis. 


Pole Top Switches.—Bulletin, 24 pp. De- 
scribes ““PM-22” and ““PM-23” group oper- 
ated pole top disconnecting switches in 
ranges from 7.5 to 161 kv. Complete engi-— 
neering data, dimensions, weights, manual 
and motor operating mechanisms, steel 
mounting frames and insulator data are in- 
cluded. Delta-Star Electric Co., 2400 Block, 
Fulton St., Chicago, Ill. 


Mercury Arc Rectifiers.—Bulletin 1174, 8 
pp. Describes mercury arc rectifiers for 
trolley bus service. Deals with the applica- 
tion of this type of converting equipment to 
the field of transportation. The suitability 
of rectifiers for power supply to trolley bus 
systems is demonstrated by interesting op- 
erating and performance data.  Allis- 
Chalmers Mfg. Co., Milwaukee, Wis. 


Electric Industrial Trucks.—Bulletin, 24 
pp., “The Efficient, Economical Method of 
Handling Material.’’ Describes electric in- 
dustrial trucks and tractors equipped with 
Exide ironclad batteries. Illustrates the use 
of this equipment in various industries and 
includes battery construction and perform- 
ance characteristics. The Electric Storage 
Battery Co., Philadelphia, Pa. 


Variable Speed Texrope Drives.—Bulletin 
1261, 12 pp. Describes new Vari-Pitch Tex- 
rope sheaves. Illustrates stationary con- 
trolled type and motion controlled type, to- 
gether with the new Straitline automatic ball 
bearing motor base permitting complete ad- 
justment while in operation. General di- 
mension tables are included for both types 
covering a large number of sizes in from 2 to 
8 grooves. Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 
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